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INTRODUCTION 


I T is not a mere pl^antry to say that the cannon was the 
first intemal’K:ombu8tion motor but, although the principle is 
the same, it is a far cry from the single discharge of burning 
gas from a big howitzer or the succession of discharges from a 
machine gun to the orderly and perfectly timed explosions in a 
single or multi-cylinder internal combustion motor. 

9 The difficulties of control, valve action, ami timing, which 
are obvious even to a layman, prcvented'the rapid development 
of reliable ty|:>cs during the period from 1800, the date of invention 
of the I.«cnoir engine, to the advent of the multi-cylinder auto¬ 
mobile motor. In the last decade, however, the bt'st brains of the 
mechanical world have been developing not only the automobile 
types with their i>oppet, sleeve, and rotary valves and their 
silent and efficient action, but also the larger single eylinde^, 
single- and double-acting types for stationary use, until today 
the gas engine holds a well recc^nized place among prime movere. 

4 One of the factors which appeals ntost to the engineer and 
financier is the high efficiency of theanternul combustion motor 
as compared with the external combustion types like the steam 
engine and steam turbine and where the question of fuel is easily 
solved, this argument of efficiency usually carries the day. The 
.d ;velopment of Diesel types also has had a Umdency to broaden 
the field of activity of the gas engine. This highly efficient 
motor u capable of burning almost any kind of fuel on account 
of the high pressure at which ignition takes place and its flexibility 
has made it particularly adaptable to large units in stationary 
and marine work. 

f The authors of the work are specialists of the highest order 
in this line and their professional standing is sufficient guaranty 
of Uie scientific accuracy of the article aqd the practical appli¬ 
cations which are given. They have produced a thorough, up- 
to-date, and reliable treati^, one which will appeal both to the 
trained engineer and to the layman who is merely interested in 
tfils faseinating field of activity. 
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PART I 


GAS AND OIL ENGINES 

INTRODUCTION 

Classification of Heat Engifles. The heat engine is at pre^nt 
the most important of all the available generators of power. Its 
purpose is to convert into work the heat derived from the combustion 
of fuel. 

Heat engines may be divided into two broad classes, according 
to where the combustion of the fuel takes pla(*e. In one class the 
combustion takes place; entirely ontside the working cylinder, the heat 
of combustion l)eing transnntted by conduction through the walls of 
a containing vessel to the substanc*e which constitutes the active 
working agent. Such engines may be calle<l ej-tental>cuinbustion 
motors. The most common example of this class is the steam engine. 
Another example, whicli is but little used, is the hot-air engine. If 
the combustion takes place inside the engine itself, or in a eoiTimuni- 
cating vessel, so that the products of combustion act directly on the 
engine, we have an engine of the second class—the so-called internuK 
combustion mittor. Gas and oil engines are the most common 
examples of this type of motor. 

EXTERNAL-COMBUSTION MOTORS 

Characteristics and Efficiency of Steam Engines. Engines of 
the second class have certain inherent advantages over external- 
combustion motors. In the steam engine—practically the most per¬ 
fect of the external-combustion motors—the heat of combustion gen¬ 
erated in the furnace passes through the plates of the boiler to the 
water on the other side. In the best modem plants, in which the 
boilers are equipped with superheater, about 22 to 2o per cent of 
the heat i.H w'asted during this process by riuliation and by loss up 
the chimney. In plants not equipped with superheaters the water 
in the boiler is heated to a temperature which does not exceed 
400° F., at which temperature its pressure is nearly 250 pounds per 
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iiquareinch. (U the water were heatad to a much higher temperature, 
the pressure would be too great; for example, at 500* F. the pressure 
would be 700 pounds, requiring boilers and engines stronger than are 
at present practicable.) In modem plants, equipped with super¬ 
heaters, the steam is superheated to a maximum of 650® F., at a 
pressuK of 175 to 200 pounds per square mch. The products of 
combustion in the furnace have a temperature which is seldom less 
than 2000® F Consequently, even with the use of superheated 
steam, there is necessarily a very large drop in temperature as the 
heat passes through the boiler plates. The proportion of the total 
heat going to an engine, which can be converted by the engine into 
work, depends chiefly upon the temperature range of the working 
sub»tance; and in the steam engine this range is made comparatively 
small, not exceeding 3fX)® F when saturated steam is used, and 
550® F. when superheated steam is used. 

Consequently, a steam plant not only loses much of its heat up 
the chimney, but also is able to convert only a small part of the heat 
that goes to the engine into work. In the best modern steam engines 
and tiirbhies only about 20 to 22 per cent of tlie heat going to the 
enipne is converted into work, about 16 to 17 per cent of the heat of 
combustion of the fuel is converted into work m the best modem 
steam plants. The ordinary steam engine does not convert into 
work more than from 6 to 10 per cent of the heat of combustion of 
the fuel. An economical tteam plant consists not only of boilera 
and engines, but has also a Urge number of auxiliaries, such as feed 
pumps, air pumps, condenst'rs, feed-water heaters, economisers, coal 
conveyors, and steam traps. After shutting down, it requires con¬ 
siderable time and fuel to raise steam m the boilers befdre the plant 
can be put again in operation: or, if the fires are kept banked so as 
to maintain steam pressure while the engines are not running, a 
considerable amount of fuel will be used for this purpose without 
any corresponding work lienig done. 

INTERNAL-COMBUSTION MOTORS 

Characteristics and Efficiency of Qas Engines. In the mtemah 
combustion motor, where the fuel is a gas or volatile oil, there is no 
apparatus corresponding to a boiler, and no losses corresponding to 
the boiler losses. If the fuel is coql, it has to be converted into gaa 
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before it can be used in an .ntemal>combustion motor; and 
necessitates the use of a ^ productr, in which some beat will be 
lost, though not so much as is usual in a boiler. The fuel, being 
burned in the engine, gives there a temperature of from 2000” P. to 
3000” P., so that the temperature range m the engine is very large— 
from 2 to 3 times that obtaining m a steam engine; consequently, 
the engine can be more efficient—that is, can convert a larger pro¬ 
portion of the heat of combustion into work—than in a steam plant. 
The high temperatures are not necessarily accompanied by high 
pressures, because it is atr—not hot water—which is heated to th<»e 
temperatures. In practice, the best intemal-combiistion motors 
have converted 35 per cent of the heat of combustion into work, or 
twice as much as the best steam engines; and the ordinary small gas 
engine will convert from 15 to 20 per cent of the heat of combustion 
into work. The internal-combustion plant is also much simpler, 
having but few auxiliaries. The number of men necessary to run a 
large gas-engine plant is small. The plant is ready to start up at a 
minute’s notice, and the standing losses are very small or ncthhig. 
When a liquid fuel is used, the absence of a boiler or oUier aunli- 
anes makes the internal-combustion motor lifter, more compact, 
and more easily porubie than any other motor. The absence of a 
bcnler also does away with the risk of disastrous explosions. C«i- 
sequently, no inspection is required by law, no license is necessary 
for running the plant, and lower rates fOr insurance are secured. 

The practical use of the mtemal-oimbustion motor is a com¬ 
paratively recent development. The last twenty years have brought 
about great improvements in its operation, a marked increase in its 
use, and a large extension in its various applications. The internal- 
combustion motor is less uniform in its speed of rotation, and is more 
liable to derangement than the steAi engine; but these difficulties 
hav6 been largely overcome, so that modem gas engines are used 
for electric lighting, and have a reliability but little short of that of 
t|K steam engine. 

Fuela Used. The fuels used in extemid-combustion motors 
may be solid, liquid, or gaseous, tn internal-combustion motors, 
solid fuels must be gasified before they are taken into the engine, 
because the incombustible matter, or ash, |msent in them, would 
rapidly destroy the rubbing surfaces in the cylinders. The actual 
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fuels going to the engine are either gasgbus or liquid, and the latter 
may be sent into the cylinder either as a vapor or as a liquid. There 
is no essential difference between engines using gas and those using 
oil; the p'cle of operations occurring in the cylinder is the same with 
both kinds of fuel; the only differences are structural and the »ldi* 
tion of sjf^cial a{)|)aratus for vaporising the oil. An engine can be, 
and often Is, quickly converted from a gas to an oil engine. 

In the pr(‘s<mt work, whatever prt'sentatiun is made of thermo* 
dynamic theory applies to Unh gas and oil engines. The features 
of oil engines are trcattsl after tin? discussion of the gas engine. 

HISTORICAL SKETCH 

The history of the development of the intemai-combustion 
motor begins with the inveiitum of cannon. A gun is a motor in 
which the working substaucr is the gas resulting from the combustion 
of the powder, and in which work is dune on the projectile, giving it 
kinetic energy. Such a motor is not continuous in its action, but it 
offers possibilities of a practicable engine if the powder charge is 
small and tlie projectile or piston on which the gases act is restricted 
in its movement. The earliest intcmal-combustion motors devi.sed 
for doing useful work were intended to use gunpowder. The first of 
these was suggestisl by Abl>e lluutcfeuillc in IG7S, and was followed 
shortly by others, none of whieli were practically realizable in the 
state of the mi'chanic arts at that time. 

It was not until the (fiscovery by Murtlock, near the end of the 
eighteenth century, that a combustible gas could lie obtained from 
coal by a proeessof distillation, that a practical intemai-combustion 
motor was possible. As soon as the properties and method of manu¬ 
facture of i-oal gas Iwcame known, numerous attempts were mode to 
use it in engines. I'p to the year 1860, many engines were devised 
and patented, and in si^veral cases constructed, operated, and sold. 
None of these ci\gines, lujwever, can be said to haw been satisfac¬ 
tory. 'fhey were irregular in aciion, noisy, wasteful of fuel, and in 
general had practuiii defects. 

^ Lenoir Engine. The Lenoir fngine, which appeared m 1860, was 
the first really practical gas engine, Hundreils of these engines wem 
made and sold; and the gri'atcst interest in this type was aroused in 
France, where it was built, and in England, where it was largely used. 
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In general appearance, the engine resomhles a double-acting 
hori 2 ontal steam engine. The cvlinder, shown in horizontal section 
in Fig. 1, has a separate atlmission }>ort a and exhaust port b at each 
end.' The valves are simple slide valves, driven by eccentrics* and 
so designed that the insule^ edges alone uncover the port^ The 
valve(7 is use<l for the admission of the explosive mixture, which con¬ 
sists of air entering the valve cavity from d and gas (‘oming through 
one of the branches r of the gas pi|H', and passing through the hole 
t in the valve. The air and gas enter the jmrt a through a numWr 



of snpdl hedes, in which they are thoroughly mixed; and the mixtuilt 
is exploded in the cylinder, when desired, by an eleelric igniter n. 
The exhaust is through the port 6 and the cavity in the exhaust 
valve II to the atmosphere. As the cylinder rapidly becomes very 
hot, it IS provided with a water jacket. 

The series or cyde of operations which takes {dace in this engine 
is as fdlows: During the first part of the stroke, the ailmission valve 
0 uncovers the port a, so that a mixture of air and gas enters the 
^nder, filling the space behind the piston. At half-stroke, the 
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valve closes the port, and a si»rk from an induction coil passes 
between the terminals n of the electric igniter, exploding the mixture 
and reusing its pressure to 60 or 70 pounds per square inch. The 
pistoh is then forced to the end of its stroke, the products of com* 
bustiof^ expanding behind it. At the ^nd of the stroke, the valve 
H uncoven tlie exhaust port, and keeps it open throughout the 
whole of the return stroke, so that all the products of combustion are 
expelled to the atmosphere. A similar cycle of operations occurs on 
the other side of the piston. In Fig. 1, the valve G is just opening 
the port at the left, so that admission may take place there; and the 
valve II is just o()entng the port at the right, so that exhaust may 
occur from the other end of the cyfimler. A repnHluction of an 
indicator canl from this engine is shown in Fig. 2. 

This engine gave considerable 
trouble in many <'ases, but the 
principal reason for the falling-off 
in its use was tlic large amount of 
'gas it required. It used from 60 
to 70 cubic feet of coal gas per 
indicated horsepower per hour, or 
from three to four times as much as 
a modern gas engine, so that it did 
not compare very favorably with the steam engine in its running cost. 

Otto Engine. Fonr-S/rofcc Oih Cycle. In the year 1862, it was 
pointed out by a French engineer, Beau de Hochas, that in order to 
get high economy in a gas engine certain con<lltions of operation 
were mi'essary. The most important of these coiulkions is that 
tlie explosive mixture shall be compressed to a high pressure before 
Ignition. In ortler to actomplish this, he propose<l that the cycle of 
operations should m'ciipy four strokes, or two Cf»mpiete revolutions, 
of the engine, and that the operations should lie as follows: 

(t) iSuction or adwi^jiion of tlie charge of gas and air throi^h'> 
out the complete forwanl stroke. 

(2) CompressHm of the explosive mixture <}uring the whole of 
the return stroke, so that it finally o(‘i‘upies only the clearance space. 

(.1) lyniiiim of the charge at tlie end of the second stroke, and 
txponskott of the cxplodetl mixtiire.tlinmghout tlie whole the next 
forwaid stroke. 


n*. r {ulirator CanI uf Lenoir Kdcim 
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(4) Exhaust, beginning at the end of the forward stroke, and 
continuing throughout the whole of the last return stroke. 

Fig. 3 b a diagram showing the operations of the four>stroke 
cycle. 

This cycle was not acVially used until 1876, when Dr. Otto 
adopted it in his engine and thereby produceil the modem gas 
engine. The {dur-^troke cycle of Beau de Roi'has is now univers^ly 
known as the “Otto 
Cycle”. 

Diesel Engine. 

Four-Stroke Diesel or 
Constant-Pressure Com¬ 
bustion Cyvle. In 1872, 

Brayton took out Amer¬ 
ican patents on an en¬ 
gine adapted to bum gas, 
and in 1874 patents cov¬ 
ering an engine adapted 
to bum liquid hydrocar¬ 
bons. These engines 
were the first in which 
the fuel was burned at 
constant pressure. It was 
a thoroughly practical 
machine and found con¬ 
siderable application, but 
its maximum preasure 
was only i^bout 45 pounds per square inch; consequently, its econon 
was so low as to prohibit its competing with other engines. 

In 1895, Dr. Rudolph Diesel produced an engine which, with i 
improvements and modifications, is, to date, the most impoitai 
development in heavy oil engines. In this engine, air alone b con 
pressed in the engine cylinder to such a pressure as to heat it abm 
the ignition point of the oil fuel. As this high pressure b reacbi 
gradually, it does not cause a shock to the en^ne, such as i 
e^qibsion which reached the same pressure would give. 

At the end of the compression stroke, when the air b at thb hij 
pleasure and temperature, the oil is injected into the cylinder by a 



Fif. 3. EMifram Atowifu Opvratioa oi Otto Foor^ttoki 
Cyfk; lower Pert of IK«inni. Neer 
AtOMopbere. Eiettersltd 
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which has bc'on eompresset) to a stU) higher pressure in a separate, 
small compressor. The oil spray is va[)orized, or atomized, and is 
ignited as it enters, hy the hot air. Since the piston is moving 
forward, and the oil vajwr is burned as it enters, the combustion 
can be«nuule to occur without increasg of pressure; in the actual 
engine the pressure drops slightly. The method of burning is, in 
fact, essentially similar to that of an ordinary gas burner, and not 
to that of an explosive mixture; consequently the oil will burn with 
any excess of air present. The power of the engine is regulated by 
{piverning the proportion of the stn)ke during which oil is injected. 
The other events in this cycle take plaa* exactly as in the Otto 



cycle. Fig. 4 is a diagrai^ showing the operations of a four-stroke 
Diesel cycle, having the lower part of the diagram, near the atmos¬ 
phere line, exaggerated. 


THERMODYNAMICS OF INTERNAL- 
COMBUSTION CYCLES 

OTTO CYCLE 

« 

EiqploaWe Mixture. In Otto-c>’cle engines the explouve mixture 
iu the cylinder consists of air mixed with a smaller volume of the 
gaseous or liquid fuel. For instance, if the engine uses gas supplied 
from the city mains, the mixture will average about 8 or 9 parts of 
air to 1 of gas, and should never have less than about G parts of air 
to 1 of gas. This mixture will liehave, up to the time when the 
explosion takes plaas as if it were pure air. Also, the products of 
combustion, after the explosion is completed, have ph>'sical proper- 



9 


GAS AND OIL ENGINES 

ties only slightly different from those of air; and, consequeiiity the 
working substance in the cylinder can lar regarded, without senous 
error, as consisting entirt‘ly of air. In tlie following dUussiun of 
what oc'curs in the engine cylinder, it is asstiuuH] throughout that 
the substance in the cylinder has the physh al proin-rties of qjr. 

Ideal Cycle. .Ummion Siwhr. The pro« esst‘s taking place in 
the cylirnler of an ideal ctiginc are best representtHl on a pressure* 
volume diagram. At the beginning of the eyele tlie piston is at the 
end of its path and is aUmt to begin its ontstroke. The clearam'e 
space is full of prcnlucts of combustion; the pressure is atmospheric 
pressure, because the cylinder has been in (‘ommunication with the 
atmosphere through the cxhau>t valve, which has just cIoschI. The 
condition existing in the cylimlcr 
at this instant is rcprc.scnted in 
the diagram, I'ig. T), hy the pcmit 
i, whicli is at a horir^ontal dis¬ 
tance from the vertical axis rej)- 
Tcscnting the clearance volume, 
and at a vertical <listance aix>ve 
the horixonlal axis representing 
the atmospheric pressure of 14.7 
pounds per square inch. As the 
piston makes Us outstroke, the admission^valve 0 {H‘ns, admitting the 
charge to the cylinder throughout t he stroke; and, as the cylinder Is in 
communication with the outside airthr<»ugh the air-ailmission valve, 
the pressure in the cylinder remains atrnosplieric pressure through¬ 
out the stroke. On the diagram the admission is rcprc.sented by the 
line J'-Z, whi(‘h is at the constant height, representing the atmospheric 
pressure, and whose length represents the volume of the charge taken 
in, which b the same a^the volume through which the piston moves. 
The point i represents the condition at the end of the first stroke. 

Comprasum Stroke. The admission valve now closes, and the 
piston makes its return stroke. Since all the valm are closed, the 
charge cannot escape and U crowded into a smaller volume, while its 
pressure rises. The process continueH until the piston reaches the 
end of its stroke, at which time the whole charge is compressed into 
the clearance s{»kco. Tnis process is represente<l by the Kne £-$, 
which shows the rise in pressun^ resulting from the compression. 
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A compression of this kind, occurring without the addition or the 
abstraction of heat from the gas, is called an adiabatic compresiion. 
It causes an increase, not only in the pressure, but also in the tern* 
pentifre of the gas. It is the process which takes place in the work¬ 
ing of ap ordinary bicycle pump, and which causes its rise in tem¬ 
perature. The relation between the pressure of air and its volume 
when subject to adiabatic compression is 
constant 

Note carefully that in this equation P means the absolute pressure, 
and not the pressure shown by a ga"c. If exchanges of heat occur 
between the gas and the cylinder while the compression is taking 
place, the relation Iwtwccn the prtsburc and the volume of the air 
can usually he represcntwl by the equation 
Fr"*constant 

where n has a value greater than 1.405 if heat is added to the gas, 
and less than 1.405 if heat is being abstracted from it, during the 
compression. Compressions following this equation are often called 
"polytropic compressions". 

Power Stroke. When the charge has reached the condition 
represented by the point S, it is ignited, and the heat generated by 
the cxplosioti raises the temperature, and consequently the pressure, 
of the mixture. The combuHion oc'curs so rapi<!ly that the piston 
has not time to start on the outstrokc before the combustion is com¬ 
pleted, and the rise of pressure oc'curs, as is shown by the line 
while the volume of the gas is constant. The hot products of com¬ 
bustion at the pressure Pt now force the piston out, ,^.nd, expand¬ 
ing behind it, they fall in pressure. This expansion, occurring 
without communication of heat to or from the gas, is adiabatic 
exparuion^ and is consequently accompanied l)y a fall in temperature 
of the gas. If heat is added or abstracted, the expansion is poly^ 
tropic, but not adiabatic. The equations of adiabatic or polytropic 
exiMmaion curves are the same as those of similar compression curves. 

Exhauet Stroke. At the point 6 the piston is at the end of the 
stroke, and no more expansion is possible. The exhaust v^ve 
opens, and the pressure in the cylinder falls immediately to atmos- 
l^eric pressure, as riiown by the line 6-2 in the diagram. Through¬ 
out the last return stroke, t-t, the exhaust valve remains open, se 
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thftt the pressure in the cylindcf remains atmospheric pressure. The 
completed diaj^ram. Fig. 5, shows the whole series of pressure and 
volume changes occurring in a gas engine, and is such a diagram as 
would be taken by an indicator from a perfect engine. Tha area 
enclosed by the diagram represents the work done by tlw 
engine per cycle. * * 

Pressures and Temperatures During the Cycle. The pressures 
and temperatures of the working substance, and tiic amount of work 



done in mi engine which exactly follows the Otto cycle, can be readily 
calculated. Starting at the point f. Fig. 5, there is present in the 
cylinder a volume Ft at atmospheric pressure Pt and at the tempera- 
ture iff which will be assumed to be the temperature of the air aa it 
came into the cylinder. 

Freiattre After Comprestum of Gas. The working substance is 
compressed adiabatkaUy until it fills only the clearance volume F|. 
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The consequent rise in pressure can^ calculated from the formula 
already given; but it is more simply obtained from the adiabatic 
curve, Kig. (>, which gives the relation Ixjtwcen the changes of volume 
and of pressure in adiabath- expansion or compression. The hori* 
zontal scale in this diagram is the ratio of expansion or c^ompresston, 
and the vertical scale shows the corresponding ratio of the pressures 
at the beginning and end of the cx{>anston or compression. If, for 
example, the working substance expands adiabatically to five times 
its original volume, tlie pressure (which varies inversely as the 


volume), is shown by the curve to fall to ~ of its original value. 

9.b/ 


Conversely, if the working sul>stancc is compressed to -y-the original 

volume, the pressure ris<‘s t<i 9.07 times it.s original value. Conse¬ 
quently, the pressure ai the point S, Fig. T), can be found by the use 
of this curve. 


Example. A gas engine with p*‘r cent ciearanre takes in its charge at 
14.7 pounds per square inch prewnire. What is the prossura at the end of the 
adiabatic eompresMion? 

Solution. The clearance vslutne I'l is 33) per cent of the volume Vt—Vh 
through which the piston moves; or 


and 


3V,-K,-r, 

4V’,»V, 


From the curve, Fig. (V, if the ratio of eompreMion is 4, the correi^onding 
ratio pressures U 7 (a more accurate determination shows this value to be 
7.00, which will be useii in the subsequent problem), so that the pressure at the 
end of compression is 7.06 times the prenure at the beginning ^ compreAion. 
Therrfore, the pressure at the end of comprenion, P|«7.06XU.7, or 1(^.8 
pounds per square inch, absolute. 


Tmpefoiure AjUr Comprestion of (j(u. The temperature at 
the end of the adiabatic comprenion, or other'polytropic coilipres- 
skms, can be found from the equation for a perfect gas. This may 
be stated in the form 


PK-irfir 
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where w is the weiglit of the pas; It is a roiistaiit for any \M’rfeet pas, 
ami has the value 53.3 for air; P is the ])ressure in |M)umls |mt s()imre 
foot, absolute; ami T is the al>solut<‘ t(‘tn|)eratnre of the pus. The 
weight of the pas is eonslant throuphont the atliahatie eomprt^sum, 
and can be found from tin* lunnt i if I’j, and 7* are jenown. 
The teinpiTatun* at 3 can then he found from the e(|ualion 

where denotes the pressure in pounds per sfjuare foot. Ifenec, 
to reduts; pn*ssure.s expre-.M’jI in iMuimls )mt Mpiare im h to pressures 
per M{uarc foot, a fn<’tor 141 must l>e used as a multiplier. 


Example. AssuiinnK llw rrm-litioiH «f Mie pn-vious prohirm, «n«l sup- 
positiK tlic tcmprnlurc of tlir sir ii> Ih' litr 1-'., uhul is the tei(i|H'rntiirc uf the 
charge at the enti of ih'i cl>l»pr(-^.sloll? 

SiAudoo. 


Also 


fWi -uHT, 




IW, 

y, 


It TyliixKi 
tiO {- IC! 


'/> 


/'.V, 

'liU 


Ucarrmiging terms and buhstituling for uR iis value froin the preceding equa¬ 
tion, ftc have 


r,‘. 


p V ^ 


but 

V', 1 ' 

V'l ‘'V 

Therefore, substituting the values of /•, and !,-, we have 
11 

1 Ml 

Ti-103.8X144X YXahwluto 
tod 


h-458.fl*F 


•Temperature Rise During Exfdosion. The rise in temperature 
during explosion depends on how much heat is generated, which, in 
turn, depends on the strength of the explosive mixture and the heat 
of combi^tion of a cubic foot of the fuel. Ix't // be the heat of 
combustion of a cubic foot of the fuel in B.t.u., and let the mixture 
consist of 1 part of gas to A parts of air. The total volume of the 
ciiarge taken into the c>*Under each admission is 
r,-ricu.ft. 
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the volume of fuel in this chsrge 


1 

/-+! 




end the heat of combustion Q of this fuel is 


This hett is utilized in raising the temperature of the gas from the 
known temperature Ti to another temperature Tt. The rise in 
temperature can be found when the heat necessary to raise one 
pound of air one degree in temperature is known. This amount of 
heat is called the npecijic heat. It is represented by the .symbol C, 
(the suffix indicating that the volume is unchanged while the tem¬ 
perature rises), and is equal to .160 B.t.u. for air. With a weight 
of w pounds, the heat necessary to raise the gas one degree in tem¬ 
perature is 

nf, B.t.u. 

To raise the temperature f*— Tt degrees, the heat supply is 
B.t.u. 


■ikf'the heat of combustion is used entirely in raising the gas from 

r, to r.. 

Hierfforc 

Substituting for w its value from the general equation 
Reitranging terms and solving lor T,- T,, wo have 


T,- 


T,~ 


H 

L+l 


X 


Mfyl 

ft 


X 



Esamplc. la the previous probtem, if the ehsrgo tahen in consists ot t 
port of gss to 7 ports of sir, snd ths best of combustion of the gss is OtQ B.t-U. 
per euhie foot, find the tempersture st the end of explosion. 

Msfbs. 


A-53 a;r,.Bl;tf.640;ft-U.7lC,-,l»9il+1.7+l-*;sndTi-«l».« 

V.; beenUK volumo V.« K. according to Fig. 5. 


V, 

Vi' 


f m«l.'.^.i<>cV,..i-V, 
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Subatitutini the proper velties in the^untion, we hove 
- , M0.. 53 8X521 .. 1 
i.-i. -*-'',4 7x144'' l(i9’'T 
T.-aMB+n 
•>5S(M 6* ahM^ute 
r.-5107 6"r 

If a perfect gas is raised in temperature, while its volume is un* 
changed, the absolute pressure will increase in exact proportion to 
the rise of absolute temperature; or 

Pi:P,.:T,:h 

* P at ~ P 

A Pi 

Example. What ia (hr prewurr at the end of rxptoaion in the precedinf 
pfoblero? 


* T/* 

" ^ X 10.1 R lb. per wj. in., abeolute 

• A28 fi lb. per aq. in., abaolute 

Presntre and Temperature at End of Etpaneion. The preMure 
and temperature at the end of the adiabatic expansion can be found 
most simply, after the other pressures and temperatures ate known, 
by making use of a relation which exists between the pressures and 
temperatures at the points S, 4, 5*, These relations are 

A Pa .n n 

^ T, T, 

Example. What are (n) the pressurm, and (ft) the lemperaturea, at the 
end of the adi^attc expansion in the preceding problem? 

SetutUm. 

(o) P,.^XP.*,^^X628 6.89lb.peri«i m.,ahiiolul« 

/i.\ m ^Tt _ 521 a _ «a BC* tP 


>X628 6*>89]b pNM| in., absolute 


(b) n-^xn- 


2X5568 6 •3155* absolute-20»4*F. 


Work Done by Heal Engine. The work done by any heat 
engine is equal to Uie difference between the heat which goes to the 
engine and that which is reiected by the engine, because whatever 
heat disappears cannot have been destroyed and must have been 

*Th« nUte o( Uh p imm w ^ caa b« obtaUwS Iron tbs mm, Fti. 4, Wms ^ ratio if 
IfcooalMM-^takam. But r«.r,:ibMtfof*aa4 
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convorteil into work. In tiie Otto%'clc the heat taken in has been 
seen to be 

Q^wC,{T,-h) B.t.u. 

*Hcat is rejecteef from the engine only during the process repre¬ 
sented by the line 6-2, because, wheiv the charge gets back to the 
condition 2, it has returned to its original volume and pressure, and 
consequently to its original temperature. The heat rejected is then: 
Qfi “ «’(',( Ti— Ti) B.t.u. 

And consequently, the work done per cycle is found by subtracting 
the lejected heat from the heat taken in and substituting for the 
B.t.u. its equivalent, 778 ft.-Ib. Thus: 

B.t.u. = 778 (Q-Q«) ft-Ib. 

Efficienty of Cycle The efliciency of the cycle-that is, the 
fraction of the heat supplied that is converte<l into work—is 


■ kC.(T,-T,) 
wC,{T,-T,) 


T T 

And since, as already stated ^ 

G /> 

we get by substitution: 

n-r, n 

T,-frh 

therefore 



Emimple. 

SotuTien. 


Find the effieieoey the cycle in the preceding problem. 




Tl 

Tt 


ml 

mV 


sai ’ 

919.6 
.sot *.433 
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Horsepower Calculotiom. The work U' done per cycle can l)e 
calculated from the efficiency without Knowing tlie heat rejected. 



or 

W=^ExQ B.t.u. 

»778ExQft.-lb. 

Example. If the cycle dimustfi'O in tlie pri'vimm cxamplcti lakes place 
in a cylinder of 12 inchoa diameter atul 18 incltett stroke, what will Ix' the work 
done per cycle? If the engiiiC iiiukes 2riU n^'olutiona |M-r minute, what will 
be its indicated horsepower. 

!r»778J?XQ ft .-lb. 

Vi-Vi i« the volume (in ruble feet) through whirh the piston movei, and 
is the product of the cross-si'ctional uri'a of the eyiindor in square fe<a by the 
stroke in feet. 

l',-V,--j-x(-|yxJ|»l.l78cu. ft. 
and 


//-640;I.+l-8; and r,-K,-1,178 


^-.433,andQ-94.24 
IT-.433 X94.24 - 40.81 B.t.u. 

-31,750 ft.-I1). 

Since this engine requires (wo revolutions to complete a cycle, the number 
of cycles per imoute is only hidf the number<^ revolutions {MU’ minute, therefore 
Work per minute - W Xt25 fi.db. 

and * 

„ 31,750X125 

Horsepower - ■ — ■ 120.3 1 h.p. 


EXAMPLES FOR PRACTICE 

A gas engine using the Otto cycle has 25 per emt clearance, and 
tdtes in its charge at 14.7 pounds per square inch and at 60” F. 

1. \7hat b the pressure at the end of the compresstonT 

Ans. 141.1 lb. per sq. in., absolute 
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2. Wh»t is the temperature at the end of compression? 

Ans. 539" F. 

3. If the charge consists of 1 part of gas to 9 parts of air, and the 

hea{ of combustion of the gas is 600 B.t.u. per cubic foot, what is 
the temperature at the end of explosion? Ans. 4,258* F. 

4. What is the pressure at the end of explosion? 

Ans. 665.9 lb. per sq. in., absolute 

5. What are the pressure and temperature at the end of the expan¬ 
sion? Ans. 69.4 lb. per sq. in., absolute. 1,997° F. 

6. What is the efficiency of the cycle? Ans. .479 

7. K the cylinder diameter is IS inches, the stroke 24 inches, and 
the engine makes 150 revolutions per minute, what is the i.h.p.?. 

Ans. 180 i.h.p. 

Changes In Calculallons for Polytropic Reactions. While in the 
ideal engine the compression and expansion are adiabatic (with the 
exponent n equal 1.405), in the real engine the exponent n may vary 
between 1.30 and 1.35. Recalculating the examples on pages 12 
to 17, u.sing n equals 1.30 in place of ii equals 1.405, gives the 
following results; 

If the working substance expands with the exponent n equals 
1.30 to five times its original volume, the pressure is shown by 

Fig. 6 to fall to of its eriginal value; and conversely if the 

working substance b compressed. 

EKumple. 8«m« pr<^km m in the middle of pi<e 12. Whnt b the 
prenure si the end of the compreaiion when n* 1.307 

5dfi(hon. ^ * 4. Fnnn the curvee, Fi|. 6, U the ratio of coApreasion ii 4. 

the correepondinf rMio of pmeure b G.06. Therefore, the pressure at the end 
of compreaaton b 

Pt«6.06X14.7 or 80.4 lb. per iq. in., absolute 
Baampte. Same aa page 13, except that, instead of adbbaUe eoaq>ra»- 
liM.ii«1.30. 

MuHoh. 

f6-88.4Xl44X JX^;^^-79a.O* abaoluto 
(■•331.0*P. 

Bumpb. Sama aa bottom of paga 14. 
iSeluliea. 

r««4640-|°7»a.0*M41.0* afaaohlte 
(■•4W0 0*F. 
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Eumpit. Sime u in middle S pace 15. 
iSolulien. 

X Pi » 614 I R}. per iq. in . tbatdute 

Exampld. Same m bottom page 15. 

•—— “ 101.0 lb. per aq. in., nbnolutn 


-3579* abeoiuU«31l8*P. 


Sotytim, 


M 

P.-(0xP. 

(« 

1 

X 


521X5441 


Einmidt. 


Same as bottom of page ICR 
e.l-(^).I-5|L.|-0.658.0.J« 


Eumple. 

SfHvtion. 

(a) 


Suae ee ia middle of pt.e 17. 


IF-»4.MX778XO,3d2-26,075ft,-ll>. 


h.p. 


(2a,07ixi2a) 

33,000 


'05.0 i.b.p. 


From a comparison of these results with those where the expan¬ 
sion and compression are assumed to be adiabatic, an idea of the 
effect of a variation from ideal conditions can be gained. 


EXAMPLES FOR PRACTICE 

Recompute the examples, 1 to 7, on pages 17 and 18 on 
assumption that, instead of adiabatic compression and expansion, 
compression and expansion are polytropic, with an exponent 
(a) n equals 1.35, and (h) n equals 1,80. 

Ana.', 

1. (af 129.1 lb. pec sq, in., absolute 5. (a) 74.5 lb. per sq.m., absolute 


(5) 119.7 lb. per sq.m., absolute 

2. (a) 454" F 
(t) 383.r P. 

3. («)4,173”F. 

(« 4,102* F. 

4. (•) 6S3.9ib.persq.in.,absotule 7. (a) 161.6 iJi.p. 
(i)644,tlb.peraq.in.,absolute (5) 143.6 i.h.p. 


2178* P 

(5) 79.5 lb. per aq in., absolute 
2355*P. 

6. (d) 0.431 

(6) 0J83 


s.f 
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Otto Cycle with Increased Expansion. The pressure at the end 
o( expansion is seen in the example on paj{e 15 to be 89 pounds 
per square inch, absolute. In ordinary practice it is commonly 
found to be from 50 to 60 pounds, absolute. It is evident that if 
the ga^ were permitted to expand further, it would do mote work, 
and, consequently, would increase the efficiency of the cycle. The • 
indicator card. Fig. 7, shows one methoil used for obtaining more 
expansion. The charge enters at atmospheric pressure from I U>t, 
when the admission is cut off. The piston continues moving for¬ 
ward to the end of its stroke, but as no more admission takes place 
the charge expands adiabaticaily to 5, while its pressure falls. On 
the return stroke the charge is 
compressed adiabaticaily, retracing 
the expansion path along S-t, and 
continuing till the whole charge 
is compressed into the clearance 
space at The rest of the cycle is 
unchanged. Diagram t-t-jis-S-t 
represents the ordinary Otto cycle, 
and the shaded area 8S-7-t rep¬ 
resents th| increase in work due 
to the increased expansion. 

Eficimey Dependent Clearance. An examination of the 
equation for the efficiency of the Otto cycle 



brings out certain important results. The efficiency is seen to 
depend only on the ratio of the temperatures at the beginning and 
end of compression, and not at all upon the temperature and pressure 
at the end of explosion. Since the ratio of the temperatures %t the 
beginning and end of compression depends only upon the ratio of 
compression, and since, further, the charge Is always compressed 
until it occupies the clearance volume, the efficiency is seen to depend 
only upon the percentage clearance. In other words, in engines 
with the same percentage clearance, using the Otto cycle, the per¬ 
centage of the heat liberated in the cylinder which is converted into 
work is always the same, whatevft be the lass of the enipiM or the 
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I^BI.E I 

Effect* of Clearincc 


Cr.M'KNTAAK 
C'LRAKANi't or OlTO 
Cyclk Knoink 

mCMUIIC AT KnD 
nr OiMPNrMioN 
LU. prrH(|. I». 

Errinm. v or Orro 
Cn tK 

KmnsMft or Crete 
viTM Incmaobo Ex- 
rANMON, Bllf WIT« 
Hah* ri>MrtnmoN 
PuMAifXR A* Otto 

20 

IK3.3 

.51 ft 

ftO 9 

2.') 

t4M 

47 0 

.58 4 

30 

115.4 

41 K 

.55 0 

35 

OH 0 

42 1 

.52 5 

40 

85.6 

30 8 

.50 4 


strength of the charge. The efTect «f tl»e clearance on the efficiency 
is exhibite<l in Table I, where it is seen that tlie smaller the clearance 
the greater is the efficiency of the engine. Tlie pressim's at the end 
of compression are also given in the table, and arc calculated cn the 
assumption that the atmospheric pressure is 14.7 pounds per square 
inch, absolute. The efficiency of this cycle, with iiKTcased expan* 
sion, can be easily calculatisl, and the results of such calculations 
are given in Table I. They are made on the a.ssumption that the 
cliarge is admitted for only oue-lmlf the .stroke, and that the heat 
of combustion is 80 B.t.u. per cubic foot of the charge. An inspec* 
tion of Table 1 shows the increase in efQ(‘iency which results from 
the increased expansion for engines whic h have the same pressure 
at the end of compression, and indicates that, to lie of high efficiency, 
a gas engine of this type should first compress the charge to a high 
pressure, and then expand the products of combustion to a volume 
considerably in excess of the original volume (d the charge. 

Ideid and Real Otto Cycles. The calculations in the preceding 
pages an made on the a.ssumpUon that the gas engine follows the 
Otto cyde exactly, in which ca.se the engine is called an ideal engine. 
The Ttal engine does not exactly follow the Otto cycle, because of 
certain practical difficulties. The actual indicated work is always 
less than the theoretical in consequence of incomplete combustion, 
losses due to cooling and radiation, etc. 

Departuret from Ideal Conditions at Each Stroke. DifTerenoef 
between the real and the Ideal engine occur in each part of the cycle. 
During admission. Fig. 8, line l~S, the pressure in the cylinder is 
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TABL# II 

Ttblt of th* Valiitt of the Compreuiorf Pressures (pr)—Cbmpressiota 
Temperetures (Te* F. Absolute^* ond the Theoretical Effi¬ 
ciency (£)—for Different Values of (he Percentage 
Clearance (fKand Polytropic Exponent 
(n) of the Compression Line 


(Th* pfMWM durinc th* Mwtkin Btruke U taken m 12 S lb. per k|. in. ebiwlute.* 
Md ibn tMBparatuf* of the iniiture at tha end uf the lurtum stroke U taken aa *700^ F. ab* 
Wluia (I, ««|uala 340* F) 



*If. in any actual case, the real suction prMsure should be some other value 
than pi**12.5 lb. per sq. id, as jft, the values pe in the above table can be 

Gomctid In tlw ratio 

Mtuklly A pound or more below the atmospheric pressure, that 
difference being iieceHaary to open the air-admission valve (when 
automatic) and to cause the air to flow in with sufficient velocity. The 



flea loUntorCsnlTramOtto<VHffEiWiae 


charge, moreover, is heated by 
contact with the cylinder wails 
and with the hot gases remain¬ 
ing in the clearance. ThI com¬ 
pression is usually polytropic, 
not adiabatic, because it occurs 
in a cast-iron cylinder, which 
takes heat from the gas while it 
is being compressed, and so 


makes the final temperature and pressure less than that calcu¬ 


lated on the assumption of adiaKatic expansion. 
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Table II shows the effect of the clearance on the effi< iency for 
various values of the polytropie exponent (n) of the compression 
line. 

Effect of Tardy Explosions. The explosion in the real engine is 
neither in.stantaiieouH nor complete. It approximates more«closelv 
to the ideal explosion when the compression is considerable, and 
when the explosive mixture has 
only a small excess of air present. V 
Gasoline engines sliow a more rapid \ 

explosion than gas engines, and \ ^ 

have indicator canis, as in Fi;^ !). 'V 

The elearain cs are generally larger, -we 

so as to avoid excessive prcs^^ln•s. • 

With weaker mixtures, tin* rxpl<»- a'* 

sion b<*coines slowi-ratul less com- ^ - 

plete, Os shown in Fig. Itl. until, . , , , r- ^ 

* , , 1)K *1 Iti.ifnlor f itrd <>( C.iiM.liuc FjiKtlM 

with the weakest explo.sive mixture, 

the pr(M-ess is n'ally one of slow comliustion taking place throughout 
the whole of the expansion period, and some of the (harge may l>e still 
unbumed when exliaiist takes place. The fact that the c-learance vol¬ 
ume is full of pnaUicts of <‘omhustion from the previous explosion, 
w'hen the cliarge is drawn in, has a delaying effect upon the explosion, 
since the explosive mixture is diluted hy ^he inert gases left in the 
clearancv. Even under the lu'-^t (xmdiliiins, the rise of tem|)erature, 
and consequently of pressure, during the explosion, is only about .0 
of that iK-t'urring in the iilcal engine. Tlris, it will )>e seen, makes 
the {Miwer of the real engine <‘onsiderahly less than that of the ideal. 
The watiT jacket around the cylinder, W'itiumt which the cylinder 
wouhl In* t<M» hot to In* pixqx-rly liiliricattsl, is one of the iin|N»itaiii 


causes of the «lifferencc lH*twe»m the real and uleal cy«4es, as the 
jacket usually al»s<»rbH almut dO 
per cent of the total lu'at of the 
(*nmbustion. 

influrnre of Change of Specific 
tints of Cows. Ill the ideal ^,^10. iMbcMt 0*#^ «hi» Wft.k MUtow 
eyi’le the a.ssumpttmi is made 1 lint 

thespecifirh4*atsof the working siilwlanec remain constant thrtwgb- 
out the temperature range existing in the cycle. This is errorwous, 
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TABt.R III 

Effect of Variable Specific Heats on the Theoretical Thermal 
Efficiency 


Voirai.iHii 

I iiLoHrru Ai, liiKHMAL ErnrieNcr 



R*tio 


S|>rri(ir HroO, Vu'l«l>U: 

:( 

f. 

JO 


U 7f. 

M <JI> 

5 

17 ir, 

60 

K 

r.i 

4H (1 

7 

5-1 JS 

15 5 


as the sjMTilic heats vary materially vvith ehaiij'e of temperature. 
Thisismieof theimM important eause> why (he pressure am! (ein* 
laTuture at the emi of <-Aplc)-.ion fall la-low those eiileuhited for the 
ideal cyt-le. Ihe ellet t 4»f this variahility t»f spe<-ifie heats on the 
theoretieul thermal e|h»h-tiev is slumii in 'PaMe Hi. which is has<*d 
on HU average of the results of Clerk atwl WimjH rls. 

Ihe expansion curve is above the adiahatie in real enj;ii»es, 
lK*eause the cylinder walC. vvhh h have lieen healed hy the explosion, 
give hack S4»me heat to the yases, and aCo lusan-M* the eomhusticm 
still eontimies am] lllnTates jnon* In at. I'lils hist elTeet is es|MTmlly 
marked when the explosive mixture is weak. 

Hiirtji Hrijltinin(j of Finally, tin* exliaust. as in the 

steam engine, hegins a little before tlie end id the expansion stroke, 
so as to give plenty of tifue for the e>«apo of the gases, t’onse- 
cpiently, (he card, at th^ ]Miint .i. Fig, v. very mmh roundnl off, 
Hiui the pres>nre in the lylinder during the exhau-'t stjoke is iie<’«*s- 
sarily higher than (hat of die atmovpin re into whi* h the gaM‘s are 
rejeetnl. 

Fiml I'.j/itititnf. 'I'he total effeet of ail these dilTert*mx*H 
Iwtwirn the real and the ideal engine is that the \vt»rk done in an 
actual engine in gmal condition is only from .o to .7") of that which 
the ideal engine w-ould do; or. in other WurJ;. the effieieney of the 
Tejd engine is only from .d to .T.'i that of the ideal engine, depending 
U|)on the fuel used. 

f W n/ Htfiucing Foihr iu Heal Ciilculaiionx. The actual values 
<»f the explosion pressure and tein|>erature ran be foumi by multi|ffy> 
ing the absolute prt'ssure and tempirature taken from (be ideal, or 
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hypothetical, can!, hy a reduction factor which takes into account 
the dwTcose in temperature or pressure clue to heat losses, ctH>ltii|i;. 
etc. The value of this factor is approximately that of the card 
factor, or ratio Ix'tween the efficiencies of the rfpl and i«!eal cm^iiiie. 

Exampic. What an- l)i(>pr(>l'al>li’ ar(ual<-t|>I«i*«H>ti im-wim' iin<l 
in ll«' fMniiU’ of l!n- pn'nihiiK i-xaiMjilrs jf tliv real oiiKioc liaa 0 fHirwin’y 
of tlir uli-al rngim? 

The «-\|)|t>>Min iin-isHiirt' of thr* uas found lu Ik* 

r, «'*2s r. il). |nT wp ill , al'Milnir 

Then-f on* 

i’rol'alde arlual ’'lijS liXO I’l ■^:177 'J Ih. |M r mj in., alixoliltr 
The r\plo>;ion lr•|ll|*l•l itiiri- of On? hhal onutnr \\a.s found Ot !•« 

V’» .VaiS.d" ;d>M»liilf 

‘I’heri-fon- 

frohul.h’ aiiind r, .VViS r.yo 0-. :?:ni •,» jd.>oluic 

or 

I'rohalih- ai hlal /, 2Ssn J'’ K, 


r.Hiiniplc> What an* the piohahh* arlual < , Iior>^i'|>ovMT, tilid ISMS 

roiUiUinptioi) of tin' enniin' vslnw idoal |HTforin:itH-<' ha.' Imi h uoiImhI tint ill 
tin* pn-iiHlinn oMainpU'’’ As-mjiim tin- n-al ciiKiin' to have? .(i the vlhi'ionry of 
the hirni rnic>tic. 

AVdidion. 

The Hteal cincienry found to Ih' . tiCS 
Therefore 

I’rohable n-a! e(ln-iMn;y « .t»X 133 ■ 26 
The ideal hofwrjHiwer w:i.>» found to In- 120 3 
Therefore • 

J’mhalde real h p.» ,fiXI2<* 3*72 2, nearly 
Tlic ittts oonsuiiiption i.s cxpreMUs) in ruhie fei-t |ht i Ii p )kt hour. In the nleal 
cngitic Ihc vtduine of gas tnken in jkt ryele wim 


T,-r. t m 

X+1 “ S * 


117 ru. ft. 


The numlMT of rjch.n |icr minute wtw !2ri 
TbercCorc 

(iiiH used per minute « , 117 X r2.» '>• IS 1 rij ft 
* (jiu« U8<t| (ler hour B IS lx (iO* 1101 eu.ft. 

And tiie pr<4>ablc real i h p. is 72.2 
Therefore 

Can used jicr i.h.p. p<T hour-- * l.» 29 cu. ft. 


EXAMPLES FOR PRACTICE 

Whftt lat the probable acltial efficiency, i.h.p., and ga.s ci)ii> 
sumption of tb« engine whose ideal performance has been worked 
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out in the pr<‘vio!w examples for practice; efficiency of real engine 
.6 of efficiency of ideal. 

|.2S7 eflicieiny 

Ans. 


lOS j.li.p. 

[l^.Tl ni. ft. giis consumption 
Indicated Horsepower. Tlic irulicatcd liorscimwer of the 
normal Otto«^‘ycle gas engine is dolermined from the area of the 
indicator card, just as with tlic steam engine; hut there are some 
special points to which attention mii>( Ih* paid, lii the usual formula, 
., riAN 


N is the tniml>er of cycles imt minute, not t he nnmlM'r of revolutions. 
Tlic mean effective pressure /’ is ohtaint d from the indicator card 
hy going around it with a planimcter in the way in which it was 
traceil -that is, in the order /-? ;)' 4 .v /, Fig. S. The indicator 
card consists really of two areas or loops, of which represents 
|M)sitive work, and i-2 negative work. The total work done on the 
piston is represented hy the ililferenee la'twt'en these two areas. 
The small area t 2 represents the work done in overcoming the 
friiiion resistance of the gas when Ixing admitted to ami exptdled 
from the cylinder. It is work which has to W done hy the engine, 
is A definite h»ss of power^amd should he made as small ns pt>ssihlc. 
The art'A 3 a is the work w hich is act nally done on the piston, less 
the work rerjuired to coiAprrss the gas; it is the true W(»rk of the cycle, 
ail 4»f which wouhl lie available for driving the engine were it not for 
the gas*frictioii resistances rt'prescotwl hy the area / s?., If a planim* 
eter U ma<Ie to trace the diagram in the order in whitdi it was 
drawn, it will go around the areas 1-2 ami 5-4 ’^ in opposite direc> 
tions; that is. if it go<*s around the one eltK'kwisi', it will go around the 
other eontra-<lm*kwise. The cons«*quencc will Ik; that the readings 
of the planimeter will give the desired difference Mween the two 
areas 9-^-^ and / -i. Hie mean effective pressure is then obtained 
from this area in the usual manner. 


DIESEL CYCLE 

Charactfrlstics of the Cycle. The first cycle proposed by Diesel 
consiMed of isothenml of constant temperature compression, fol* 
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lowed by a further lulUbiitic I'oinprcssion, isothermal comhiisiton, 
and adiabatic expansion to atmospheric pressure. IWtieal diffi¬ 
culties, however, It'd to modifications of this proposed cycle until the 
actual cycle of t<Klay has little in common with it. The first modi¬ 
fication of the propost“d cycle was to carry on the coinpres-sicfn edia- 
batically, as in any gas engine. It was attempted to carry on the 
eonibiistion isothcrnnilly, but in onlcr to approximate this the com¬ 
bustion must l>c externally rcKulatctl, so that just enough heat will 
be generatc<l at each instant to keep the temperature constant as 
long as fuel is l)einK injected. In tlie Diesel engine, as at present 
eonstructnl, no such control is attempted. Indieator cards from 
recent Diesel engines show that 
the combustion takesplace nearly 
at constant presMire. ^ ^ 

Ideal Cycle. The ]>roer>.scs I \ 
taking plaiiii in the cylinder are \ \ 

representeil on the pre»ure-vol- \ \ 

uinc diagram, or ideal indieator \ \ 

card, I'ig. 11. Exhaust, suction, \ \ 

and compression in this cycle are \ \ 

precisely the same as in the Otto \ N. 
cycle and arc represented on the j- 

prewurr-volumc diagram in the ^ y 

iMime way. Up to this point, ^ . 

* * * Fic 11 Imlicatur Coni •>( Diewl Cycle 

the only differences bctwwn the 

nic>el and the Otto cycles are: first, in the Otto cycle it is (uaumed 
for conveniciu'c that pure air atone is admitUsl and cfimprcsscd, 
and in the Diesel cycle this is actually the case; second, the compres¬ 
sion in tlie Diesel cycle is carried much higher than in the Otto. 

When the charge of pure air has been compresst^ until it occu¬ 
pies ttic clearance volume, represented by point 5, oil is injected, in 
tlie form of a fine spray. Into the hot compres.sed air which vaporizes 
and completely bums the oil as it enters. At this point the piston 
starts on its oiitstroke.aiid, theoretically, oil is injected and burned 
at just the rate to counteract the fall in pressure whidi would natu- 
nlly accompany this increase in volume atul maintain the prc««»urt 
constant along the line (heat is added at constant pressure). At 
the point 4 the fuel injection is cut off and hot products of com- 
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r 

I 5*1 
( 


bustion at the prcsHure Pi force the piston out, anri, cxpandiiiR 
adiabaticttliy Ih'IuiuI it, fall in pressure and temperature. As in 
the Otto cycle, the expansion curve is similar to the compression 
curve 3-3, aixl has the same equation. 

From this point on, the events are 
the same as in the Otto cycle. In the 
Otto cycle, heat is received and rejecteil 
at constant volume; wliile in the Diesi-I 
cy< Ic, heat is reieived at constant pres¬ 
sure and rejected at (‘onstant volume. 

Pressures and Temperatures During 
the Cycle. Prrs.iurc ami TcniiM-rntun' 
(iftcr Pomprv.'tuton. The pressure ami 
temperiitun* at the point 3 can Im* found, 
as in tlie <*ase of the Otto e\ ch* from the 
<’nrve.s, Fi^'. 12. 'Die curves of Fij:- 1- 
are exactly similar to those of Fij;. 0, in 
fact, they are lhe< urves of Fijt- <» extemleil 
to incluile the ratio of volnnus obtaining 
in the Diesel eyele, while the ratios of 
Fig. b eover the case of the Otto cycle. 

Sim e Diesel motors, as construetcjl, 
,are oil engiiies, the increase of volume due 
to the injection of fm l, i. e., the iiu rense 
of charge weight, may be neglected with¬ 
out SJTious error sim e the \ olume oecu- 
pied by the fuel va|M»r in e\q)losive inix- 
Hm‘s of air uml li(ptid-fuel vapors is 
negligible. (For Iwuizine vapor the ratio 
i.s 45 to 1, and even in the ease of ^rude 
nlnihol the volume i»f the uleubot vaptir 
tK’eupies only lu'iweeu 2 and 3 per cent 
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the volume of the mixture.) If a gas, especially a lean gas, were 
under ctuisideratioii, this a.ssumptU)n would not be permissible. Tlie 
volume of mixture of air ami fuel vapor per pound of fuel may 
therefore be taken, for maximum load coitditions, as the volume 
of air (£) actually necessary per pouitd of fuel to give best com* 
bustion results. 
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BUe in Tnin)rratnrc Ihiriiig Combm/lou. Tlw rise in temjn'ra- 
ture (lurint; coinlxiMion «l4‘|M‘n(|s tin how inucli h<-at is genenited, 
which, in turn, «le|K*iMls on the aniouut of fuel inj4*<‘tc<! ami the lu’ut 
of comimslion of ii ixniini of tin; fuel. 'I'hc amount of (hr fuel 
injcctcil h»r inaxiinuin load di pciids mi the total volume of |j>ire uir 
taken into tlie eyliiider at caeh sm lion >(roke, .since no mort’ fuel 
ahuuld he injectisl than lan U* hunied witli the lje>t re^ults; therefore 


Wei^lit (d fm l per ry< le 


r.-r, 


. pounds 


and the heat of condiu>(ion of tlii> furl is 


where II is tlie heat of comhu^tion of a pound of the fuel in B.t.u. 
Tliis heat is utllixed in raiNin;' tlie temperature of the air from the 
known temjMTature T 3 to an unknown temp«Tature 7V The rise in 
tei!iiM'r:;ture can he fouiul If thi* lieat necessary l<i raise one p>Mmd 
of air one ilejjree in tem|MTature wiiile the pn*ssure remains con¬ 
stant is known. This amount of h(‘at is called the apivific hrat at 
ron/ttnnt prrsi^urr. and is denoted hy the symliol (\, hir air isjuals 
0.2117 B.t.u. With a \M*inht of «• pounds of air )mt eharKe, tlie heat 
necessary to raisit the teminTatnrc of the c harge from 'f. to 7\ is 
- 7\) IM.u. 

and the heat of eomhusiion i> used eniirefy in raising the teinpi'ra- 
ture of tiic charge from Ti to 7\; lienee 








ExampICt A Dh^I onatne vtitii 7 tl |i<t nnt inking in Ma 

eha^ of uir nt, atmospIxTic poxstm* ;uvJ iniu>«'i'Hnir«* (i 1.7 iMMinds p^r .sqijarc 
inch nniMiU’F.), is supplicH wiiii rru'lt'oil will) I Iiim* vuIix* ot IS.nOU 
per poiUHl ainl req<iirinfl; iHIO <'iibi'' of ;itmovpli4-n<‘ .lir ixt ixiuikI of fuel 
U) (live l>e?t t’OinbiJstioK n(. iiiaviniuni load. Wbu< arc * I) tim |)r<-v>ijrc .-ind (2) 
the leroperatiir*? hI the end of roinpression. ami 'dt tlir (em|»4-ranjrc at ihc end 
of combuttUon when 

(a) the coiQpreasion is HdialMtic, n « I tO.'S 
tM the con» ^y >sioti is i>oly(ropic, n> 1.33 
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(I) The doarttiMT volume Vj ia 7.14 per cent of the volume 
Vf* Ki. lhroii|^> which the piMoii muivcn; or 

.r /./ 14 


100V,-7.HK,-7.14V, 

tuwi 

107 14K,-7 HK, 

V', m \\ , 
l'. ’ 7 1, ’ 

From (he curves, Fik 12. if (hr ratio nf cfuiiprcssion is 1.5: 

(o) The ratio of iircMiircs is f.i .Vt, aiul the pressure at the end 

of the compri ssion 

/*,a4.V.VlXH.7=(lti‘).:i Ih |«'r sq. in , abM»lute 
(h) The ratio of pressures w 3S 70, iiiul 

V,^:W 70 X 11 .7 'V>H 0 lb. (H-r si|. in , ulniolute 

.. fT \ 




.'itw UXlUvlx.'iJl , 

(».)♦ 7,*- ii _ ...— -Mil aliholutc 
' (l.'ixM 7xlM) 


iW -Vj) . 

v7 " 


M * "l- 


** ' \ m )\ W ixHi JV) 2 M/\\bJ 


T, " ;KWI +Ti* alwohite 
I, ^IHJOl^f.^F- 

(.0 ^■.;^(l!M+^l^2o»l2l^l•^ 

(M -:ttm+8W»3977“ F. 

4 

Volumes al End of Combustion. If a perfect gas ih raised in 
temperature while its pn^^iiure is iiiuhunged, the volume will increase 
in exact proportion to the rise of abxihite temperature; or 

I '.: I',; : r,: T, 



hence 
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Example. What are the volumea at the end of combuition in the praoefting 
f^oblem, exproiaed as ratios of tho clearance volume? 

Solution. , . V. /«H+46i\_ 

The% results arc checked by simple reasoning, since it is self- 
evident that in order to add the same Amount of heat V constant 
pressure, the lower the initial temperature the greater must be the 
volume change. 

In the Otto cycle the ratio of compression !-.* and the ratio of 

1 j 

expansion " are the same, hut in the Dieseleyclethisisnot the case. 

In the Diesel cycle equals I'j anti I’* eqdals dl'i, where d is the 
ratio between the cut-oiT v(»lume and the clearance volume 

tVorp. 

Influence of Early Cut-Off. The case just describe.!, in which 
as much fuei is injected as is possibie in order to get the best possibie 
combustion results with the volume of sir present, corresponds to 
the maximum possible load of the engine. Since an engine must 
be capable of carry ing an overload, the normal rated load must be 
carried when less than the maximum possible amount of fuel it 
injected. In actual practice the cut-off oheurs at about 10 per cent 
of the itroke at normal rated load and, with a compression ratio of 
16, the cut-off ratio d is, at maximum possible load, about 3.0 and at 
normal load 2.5. To prove the latter value 


/ F.-KA 1 
VF,-F,,;'lO 

IV.-V.) 

(&-'■ 


.16 



‘ K, 10 10^* 


but 

hence 
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A reduction <o ftny extent in the fuel injected below the maxi¬ 
mum in possible because c»f the fact that the oil is burned as it enters, 
like gas in a burner, so that it can be properly accomplished with 
' any excess of air. 

Wyen the amount of fuel injected is l(n»s than the maximum 
possible, the tem|)erature at the end of combustion is 

and the aiiii)uid of lu-ai added |)er <'U. ft. of pistem displacement is 


Example. If ilm of tli** pn-vious imihlotti nitH off at 10 |>cr cent 

of th<' Hlrokc ni iionuiil loiul, uiiat (h i.^ ilu- t<-in]M'ruti>r(' ut tho rrid of com* 
buHlion, An<l (2) IIh.' hciil |>cr foot of pi»ton diitplaceincnt? 


•S’of union. 


(I) («) 
(k) 


(*) 


(•> 

m 




.! ■’ 

OVt’i/ 10 


T4«2 IXISHI-.‘1791" ftbsohUo, 

hIwoIuU*. -27fio’ F. 

V ni y •’XWLVM J 

-(7*4-70x0 015^9" 

-(.179-1 -1."..SI)X0 0ia39-42 92 Il.t.u. por m. 
plactwnt 

-i;i220-13441X0 01939 - 36 51 II t u. jur r». 
pliuTment 


ft. of piston dish 
ft. of piston dis> 


fiatio of Erpamion. The ratio of t-xpaosioii in the Dic.sel cycle 
15 the ratio of compression divMisI by the ratio of ciit^.fT volume to 


clearance volume, since, as the ratio of expansion equals 

K, equals K,. and K, equals <f I', 
hence 

li L**’" 

irvi.Arf/ 


ir;...nd 


If this ratio of expansion is knoa-n, the pressure and temperature at 
the end of expansion can be found in exactly the same manner as in 
the case trf the compression. 
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Example. In the enipne o( theK^vtoui problemi, what ia (l)'theprfaaure 
aad (2) the teoiperature at the end of ex|Muuion if (1) the rnaine ia (tcvilopini 
the maximum pomiblo poi^r and (II) ii opefating at normal load? 

SotuKon. 


(I) (a) (1) 


h(m) 


2.057 

P*-»P»"»660.3 lb. per eq. in., absolute (see page 30) 

Referring to the curves of Fig. 6, if the working substanre expands adiabaticaUy 
to S 08 timee iu original volume, the pressure falls to > of its original value. 
Therefore 


»C9.0 lb. per aq. in., al)aolute 


( 2 ) 


(P,V.) 


9 7 

n 


■G-S) 


X5.08X(-4214+401) 


ih) (1) 


A- 


•2449* absolute 
Vt !5 

vj 

c«a n 

• 73.4 I 


e«4 54 


7.75 
1 


Ji-IOS.K’ F. 


per sq. in., alrsolute 


(2) r,-s*« X4 54X(3077 +461) 


( 11 ) («} ( 1 ) 


7.75 
•2600* ^>eolute' 
d«2.4 


l,«2130* F. 


<^) 


( 2 ) 

( 1 ) 

( 2 ) 


P.' 

r,. 

P.- 

n- 


669.3 
13 05 

13 05 

1518* absolute 
568 
n.55 
1_ 

11.85 

1702*abMlut« l|•ml*F. 


•51.3 lb. per sq. in., absolute 

X6.25 X3794 

11-1357* F. 

• 48.01b. peraq. in., ahaoluta 

X6.25XS3M 


EAcieiicy. In the Diesel cycle, the heet added hu been seen 
to be 

Heat is reiected irom the engine only during the process repre¬ 
sented by the line S~i, becense when the charge gets back to the 
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condition t, it has returned to its originai volume and pienuTe, and 
consequently to its originai temperature. The heat rejected is then 

(?,-u>C.(r,-r,>B.t.u. 

and the work done per cycle is 

4 »'-e-(?,B.t.u.-778(Q-(?,)ft.-lb. 

The iffieieruy of the eyefe-that is, the traction ol the heat 
supplied that is converted into work—is 

£.L»:.£z5:.i_ S: 

(i q Q 

y which is the reciprocal of the ratio of the specific heats {C, is 

the specific heat at constant volume «U.ir>9 fur air), equals the 
reciprocal of the exponent tor adiabatic expansion or compression, 

or and since, as already stated 
1.4Ua 


C. 


and 


A 

‘'-r. 


(constant volume) 


T"p,' 


hence 

therefore 


P,-P, andr.^n 

r.-Taf 

(T.-r.) (Tef 


r.) 


(r.- r.) 


{dT,- r.) 
Ud'-x) 
Ud-l) 




therefore 




85 


OAS AND OIL EllblNES 


From this it is seen th»t tl e cflicicncy of the Diesel cycle de* 
pends, not only on the compression, but also upon d, i. e., the volume 
at the end of combustion. The smaller the value of d (the earlier 
in the stroke the fuel supply is cut off) the greater is the thermal 
efficiency, other conditions remaining the same. This fact ij borne 
out in practice within limits, as a large number of tests of Diesel 
engines have shown a greater thermal efficiency at three-quarters 
than at full load. That this does not hold for still lower loads is 
due to the influence of other factors. 

This equation for efficiency holds only when both the comprM- 
sion and expansion lines have the same exponent. If the exponraits 
are different, the efficiency must Ik* found from the quantities of 
heat added and rejected. 


Example. If the engine of the preretliog problems hss an exponent for 
the eompreBsioQ line of n *1 and for the expansion Ime of n* 1.41, wbal is 
tbs sfficieney of the ryd« al maximum load? 




B.l-% 


QmH 
• 18,000 




300 


B.t.u. per cycle 


c.(7,-ro 

Sl px-(T,-t,) .. V, ' 

Q toHT, 

From the icsulU of the preceding problemi, when the compression line bad tbs 
expoosnt ti>1.35, 

V, 15 


T4«4438* ^>sdute. 


d*3 303 (Sea p. 31) 




15 

'3.303 


• 4 54 


Si&ee ^he expansioD is adiabatic, the pressure ratio must be found from the 
adiabatic ctwe of Fig. 0, uid is, for a volume ratio of >4 54, equal to 
ihmlon 


*(o) «t>aoIuU 

^ H 7X144 X0 169 (3428 - 531) 15 
■f" 60 X63 2 X 521 Xj^-U*W 

ff-1-0 440-0.560 
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Um oI Efficiency Factor Curves. From Fig. 13, the value of th 

factor j 405 f) *>« «l>tained lor the three usual values of n am 

any value of d which is to be met with in practice. With the ah 
of thefe curves the efficiency for any given case can be determinee 



Hf. 13. EScl^scy Ftvtor (F) (ur Dwwl Cy«l« 


Example. Find iho Hlivicnrif>A of iho cyrW in the preceding problem, 
button. 

r I _ X • _«1 Ti y r 

^ ‘ r,'*i 405 (d-i) ‘ 
r,«AO+46l *>.521” abeotute 
(o) T.-UWI^abmlnte 
tb) eo 1344* ftbaoluto 

(1) Umler maximum I«>ad ronditione 

(o) ^-2 957 n-t.405 ^-1,319 
(b) d«3.302 n<-1.3b F-t 243 
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(II) UndM nonnia l(»d conditloM dmt.i 
(0) n-l.Ke 
(6) n-l.M f-l.lM 

AohiNM. 


(a) 

£-l-^Xl.3l» 


-l-0.434-0.S6l 

<W 

B-l-^X1343 


-l-0.4S2-0.318 

(0) 

E-I-Mx..34l 


-i-0.408 - 0.SOI 

W 

£-1-1^X1.184 


-1-0.447 -0 8S3 


S7 


Work Don* per Cycle. The work done per cycle can be cdctt- 
lated from the efficiency without knowing the heat rejected. 



or 

l»'-Ex(?B.t.u.-778xExQft.-lb. 


Eumple. If the «i|iM of the pmodini probhim hu a cylinder II 
inchai diaineUr and 18 inchce eiroke, what will be the work done per eycleT 
(I) Uttder maximum k)ad con(iitioni • 

(tl) Under nortnsl iond ronditionf 


grfwl i i ow . 


a) 


m) 


(}§)’ X II-1.17* CO. (I. 

-l^Xl.I7«-70.«8B.t.u. 

-778 X70 *8 •H.MO 
(a) ll'.M,««0X0.Se7-Sl,l*0lt.db. 

(8) -M,WOXO tie-28,M0ft.Ib. 

(a) Q-42.MB.t.u. 

Bf-TTSXti-.KIxO.SlB-1»,770 ll..ft. 
(8) 0-36.M B.t.u. 

. Mr-nSx3«.3IXO.tM-IS,740 ft.-lb. 


Since thi* engine requires two revolutions to a complete eyde, 
the number of cycles per minute is only half the nuaiber of revo¬ 
lutions per minute. 
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Exampk. If the engine makee 250 rp.m., what will be the i.h-p.T 
Sofutum. Work per minute «K'X 125 

„ IF X125 W 

Hon«.powcr-3j^ 

W W ' lih.p 

m -^^-lOS.lilip. 

/Ttv 1^.770 

(ID (a) Oi.h.p. 

15,740 p. . •. 

(fr) *59 0 i.h.p. 

EXAMPLES FOR PRACTICE 

1. A Diesel enjjine has 7.09 per eetit clearance ami takes in its 
charge of air at 14.7 ll». |H*r square inch and at (U)'’ F. What i4 (l)the 
pressure, and (2) the temperature at the end of tlie compression when 

(а) the compression is adiabatic, and n - i.40r> 

(б) the eompressioti is polytropic, an<l n = 1.30 
{«) (I) t»07.1 lb. per sq. in., absolute 

CJ) 1076“ F. 

{h) (1) 454.1 lb. |HT s<j. in., absolute 
(2) 689“ F. 

2. If this engine is suppliecl with crude oil, with a heat value 

of 18,600 B.t.u. per |)ound and requiring 300 cubic feet of atmos* 
pheric air per imuiul of fu<4 to give best condmstion results, what is 
Uie temperature under maximum load conditions at the end of 
eombustion? Ans. (u) 4157“ F.; (ft) 3770“ F. 

3. What are (I) the pres.sure and (2) the tem|)erature at the 
end of expansion under the conditions of the previous problem? 

(a) 0) 59.4 lb. per sq. in., absolute 
(2) 1999“ F. 

(ft) (I) 78.3 Ih. per sq. in., absolute 
(2) 2317“ F. 

4. If the engine cuts off at 10 per cent of the stroke at normal 
load, what (1) is the temperature at the end of combustion, and (2) 
the beat added per cubic foot of piston displacement? 

(1) (a) 3074“ F. 

(ft) 2I&»“ F. 

(2) (a) 38.94 B.t.u. per cu. ft. 
(6) 29.14 B.t.u. per cu. ft. 
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5. lender the conditions of prohirm 4, what are (1) the pmsure 
and (2) the temperature at the end of expansion? 

U) •«) 4>i.4 lb per sq. in., absolute 
(6) 43.0 lb per sq in., absolute 
t2) U) 1254* F. * 

(6) 1065* F. 

6. What is the efficiency of the cycle under (1) the maximum 
load conditions and (2) normal load conditions? 

(1) (a) 0.551 
(6) 0477 

(2) (a) 0.574 
(5) 0.520 

7. If the cylinder diameter is 18 inches and the stroke 24 inches, 

and the engine makes 2(M) revolutions |)er minute, what is the i.h.p. 
(1) under maximum load conditions and (?) under normal Ioa<l 
conditions? | ll) («) 27.5.8 i h.p. 

{h) 2.38.9 i.h.p 
(2) (o) 186 4 i.h.p. 
(6) 126.4 i.h.p. 

Ideal and Real Diesel Cycles. Fartors Showing Di^erenrea. 
Fundamentally, the motlihcation of the theoretical Diesel cycle does 
not differ in practice from that alrewly stated f(»r the Otto cycle, as 
far as the suction, compression, expansion, and exhaust lines are 
concerned- The combustion line, since the combustion takes place 
at constant pressure rather than at constant volume, needs further 
attention. 

The injection of fuel is never exactly so regulated as to develop a 
combustion line showing exactly constant pressure, the line, in prac* 
tire, showing a diminution of pressure as the piston moves forward 
and the combustioD proceeds. On the other hand, the combustion is 
never found to take ;dace isothermally, as was proposed by Diesel 
in the first change which he made in his cycle. Guldner found from 
analyiMs of indicator diagrams that there w'as a decided temperature 
increase along the combustion line, in spite of the fact that it looked 
isothermal. He found that the air was compressed to appmximately 
1 iOO* F. and that at the full cut-off this had increased to roughly 
3700* F. Due to afterburning, the maximum temperature was about 
270* F. hi^r than this and occurred after the cutK»ff, so that it can 
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be seen from this that afterburning afTects the combustion and expan¬ 
sion lines in the Diesel cycle, as well as in the Otto cycle, but to a 
less extent. 

These results should be compoml with the calculated results on 
pages 90 and 32 for the cate where the exponent of the compres- 
sion line was 1.35—the average exponent of coropKssion lines foimd 
in practice—and the engine cut*off at 10 per wiit of the stroke. 

Effects of I)(^parturf» frovi Ideal Condithm. The total effect of 
these differe!»ccs Ix^twecii the real and the idea^ engine is that the 
work done in an actual Diesel eiiginVin^good condition is only from 
50 per cent to 75 per cent of that which the ideal engine (compression 
and expansion adiabatic) would do, or, in other words, the efficiency 
of the real engine is only from .50 per cent to 75 per c*ent of that of 
the ideal engine, dciiending on the <lesign and Morkmjinship; prop¬ 
erly designed and constructed I'ngines average al>out 70 per <’ent. 

Example. Whal are ihe nrtual t-fTicjcnoy, horwpower, and oil 

consumption of tin* id<>ul of tin- ptm-ding illunirativo oxamplw (I) under 
maximum loail rondiiinns, and (2) inult-r rail’d load ronditions, aasuming the 
rral engiou to havt> .7 t)ic> edii-icrK'y of (hr ideal cyele? 
iSofulion. When Iho Migmc compres.K’s .and expands the charge adiabatically, 
tb« kleal elficicocy was found to bo 


Probable real efficiency 
The ideal horsepower was 
Probable real horsepower 


(1) o-.'iee 

( 2 ) Q.m 

(1) O.iX.-Wi-O .196 

(2) 0.7 X 591 -0 414 
found to be 

(I) ItH.l 
12) 74,9 

(1) 0.7X118.1-82.7“ 

(2) 0 7 x74.9 «52.4 


Tlie consumption is expreeaed in pounde per i.h.p. per hour, da the 
idaal encine the volume of charge pM- cycle is and the volume of eha^ 

per pound of fuel al maximum load » L. ThcrefiM^*, the weight of fud injected 
per cycle at maximum load is 


F,-V> U3 

L “ 3UU * 


.00393 lb. 


At maximum load the heat ackied per cycle 

r* 300 


• 60 B t u. 


Bat at normal load the fud a dm iasion ^eut off, so that on^ 42.92 B.t.«. lit 
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•ckM. Tbtnftn. Iha uxmnt of fuel uiitcled tt nonnol load ia only 

or 0 71S of that injactad at tnaximum load. Therafore, tha oil uaad per hour is 

At inaxiinuDi load. 0 00393 XI25X60*29 461b. 

At normal load, 29.46 x0.716-21 06 lb. 

The probable real i.h.p. ia 82.7 and 62.4, respectively 
Tbarefora, tha oil conaumption ia 

tl) ^1^*0.356 lb. per i.h.p. per hour 
(2> ^^-0.402 lb. pet Lh.p,M hour 
EXAMPLES FOR PRACTICE 

Whst Art the probable actual effidency, i.h.p., and oil eon- 
sumption of the engine pihose ideal performance has been worked 
out in the previous examples for practice (I) at maximum load and 
(2) at normal load? Efficiency of the real engine is .7 of the effi¬ 
ciency of the ideal. “ 

(!) 0.386 efficiency 
193.2 i.h.p. 

0.361 lb. of oil per i h.p. per hour 
(2) 0.402 efficiency 
130.5 i.h.p. 

0.352 lb. of oil per i.h.p. per hour 

FUELS AND FUEL MIXTURES 

COMPOSITION AND HEAT VALUES OF ENGINE FUELS 

ClaatiAcation of Oases. The fuels used in gas engines are 
extremely variaUe in origin, in composition, and in heat value. 
They consist almost entirely of the chemical elements carbon, hydro¬ 
gen, and oxygen, and their compounds, diluted with more or less 
nitro^. The intelligent appreciation of the method of manufac¬ 
ture and the advantages of gaseous fuels in general, and producer 
gas in particular, necessitates a dear understanding of certain 
fundamental farts. 

Gases may be divided into three-classes: elementary, compound, 
and mixtures. Bemcntary gases consist of one element only—as 
oxygen, for instance. Compound gua arc composed of two or 
wm deoMta in dwmictl combustion, sudi as manh gas, in whidt 
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carbon and hydrogen arc combined. Mixtures arc not definite 
compounds, but consist of two,or more elementary or compound 
gases simply mixed together without any chemical affinity exist¬ 
ing between any of the ctmstituents. Air is such a mixture, 
consisting essentially of 21 parts of oxygen and 70 parts of nitrogen 
by volume; or 2:i parts of oxygen aixl 77 parts of nitrogen by weight. 

Characteristics of Common Oases. The pres< n('e of certain 
desirable or undesirable constituents will give the gas desirable or 
undesirable pro|HTties, ami these projH rties will be proportional to 
the relative pi‘r<rntage present of the constituents in question 
Hence, it is ilesiraldc to know the prcunTties of each constituent, so 
that its effect on the gas as a whole may 1 h' <letennined. 

ilytlrognt. Hydrogen is tlu‘ lightest known suhstancr. is color-, 
less, txlorless, n<ni-|MiiMinous, very combustihle. non-luminous, and 
burns with a pate Mue flnnie. 

MoTsh (ni.*. Marsh gas, also calhsl luetlnuie, is islorless, t*olor- 
less, has a high cah»rifi«’ {)owtT luit slow rate of tombustion, and 
bums with a slightly luminous flatne. 

Olrjiant bVi.y. Olefiant gas, also eulh-d ethylene or ethene, has a 
high calorific jKover, is etdorless ami inlorlcss, and burns with a very 
luminous flame. It is sometimes spoken of as an “illumlnant". 

Carbon MonoxiJf. ('arUni monoxide, also called carbonic 
oxule, is a deadly |>oison,.cvl(»rles.s, odorless, insr>liible in water, and 
bums with a blue flame. 

Carbon l^ioxidc. ( arl»*n dioxide, also ealleil carlnmic anhy¬ 
dride or t'arlKuiic acid, is soluble in water, odorless, colorless, and 
non-comhustiblc. 

Oxygen. Ocygen is »x>lorless. tasteless. 4>dorlcss, and its pres- 
«icc in gas doert'ases the amount of oxygen that must be furnished 
tar combustion. 

Nitrogen. Nitrogen is inlorless, colorless, non-combustible, and 
has no effect in combustible mixtures exerpt to act as a diluent. 

Water Vapor. Water vapor comes from undccomposcd steam 
passing through the fuel. On account of its high specific heat it 
may cause a large heat loss. 

Physical Properties of Oases. Volume. The volume of a gas 
varies with the temperature and pressure. In order to secure 
comparable results from different tests, it is necessary that some 
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definite standard be used, ifo standard condition is taken as 
62 degrees F. and a pressure of 29.92 inches of mercury. 

Density. The density of a gas is the ratio of the weight of a 
unit volume of the gas to the weight of a unit volume of another 
gas taken as a standard, and at the same standani condition. {lydro* 
gen and air are the standards usually used. 

Thermal Capacity. The thermal capacity of a substance is the 
heat required to raise the temperature of a unit weight of it one 
degree. The specific heat of a gas is the ratio between the thermal 
capacities of equal weights of the gas and of water. 

Sensible Hca*. The sensible heat of a gas is the heat it carries 
by virtue of its temperature. The sensible heat per degree rise of 
temperature is equal to the product of the weight of gas and its 
specific heat. 

B. T. V. The British thermal unit (B.t.u.) is the amount of 
heat required to raise the temperature of one pound of water one 
degree Fahrenheit. 

Calorific Power. The oalorific power (or the heat value) of 
a gas is the number of heat units evolved by the complete com> 
bustion of a unit volume or weight of the gas. 

High and Low Heat Values. When the heat value of a fuel 
gas is determined in a calorimeter, the products of combustion are 
cooled to the original temperature of the air-gas mixture. 'Most of 
the water vapor formed by the combustion of the free and combined 
hydrogen in the gas is condensed by this co(ding. The measured 
quantity of heat, therefore, includes the latent heat of the water 
vapor (the heat given up by the water vapor in condensing from 
steam at the temperature of the mixture to water at the temperatura 
of the mixture) recovered during this condensation. 

The low heat value is the heat value of the gas when none of 
the ^ater vapor formed by combustion has been condensed. This 
is the value on which gas engine efficiendes are usually based, siace 
a gas engine cannot utilize the latent heat of the water vapor and 
therefore should not be charged with it. 

The high heat value is the heat vahie of the gas when all of the 
water vapor formed by combustion baa been condeosed^ut with 
none of the water vapor contained in the oi^nal ges or elr con¬ 
densed. To be sure that this conthtion c^rtainSf the eghaust gas 
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TABLif IV 

Combustion Products 


gesk 

Stmml 

CoMiiiinoN Pmwitct 

VoLVHt Amut Com* 
einnoN, eui Cv. Pr. 
or Om Buirco 

Oi-Tt 


Carbon monoxide 
Hvdroacn. 
Methuo. 

CO 

Ih 

2C0 + 0,« 2COt 

2 Hi + Ot" 2H/) 

1 

1 

(■II, 

CHt +'20,« rO,+ 2Hfi 

2 

1 

Ethane. 


2CM, + TIh- 400,+ 6H^ 

3 

2 

Elhyleoo. 

r,//. 

CMt + 30,- 200,+ 2H/> 

2 

2 

Acptylme. 

(»Wi 

iCM, + .V),- 400,+ 2Hfi 


2 

Benxene . 

CM. 

2CJU +1.V),-1200,+ 6//;0 

3 

6 

Hexane. 

C «,4 

■iCMn +IJY>,-l2r0,+14//,0 

7 

6 

Nonane. 

CM. 

0,//, +110,- 900,+10ff,0 

10 

0 

Methyl aleohni . 
Ethyl aleohni. 

i'll/) 

‘>r//;o+ 200,+ 4///) 

2 

1 

CMM 

h :tOj- 200,+ VU) 

3 

2 


must have the same humidity (water vapor content) as the original 
gas and air; otherwise this divergence must be corrected for. 


CALCUUTiON OF PHYSICAL PROPERTIES OF A OASEOUS FUEL 

Chcmlcat and I^yslcal Data. Table IV gives the names, 
cheoucal symbols, and combustion reactions of the varmus con¬ 
stituent gases contained in the gaseous fuels ordinarily used in 
engines. Table V gives tbe*physioal properties of these constituent 
gases. FVom these tables, and knowing the analysis—the percent¬ 
ages by volume or by weight of the constituents—of a particular 
gas, the physical properties of the mixture can be cidculated. 

Volumetric and We^ht Analyses. The wtumdnc analysv 
mm be determined from the analysis by weight by dividing the per 
cent by weight of each consUtuent present by the specific weight 
of that constituent (weight of one cubic foot under standard Qpndi- 
tnms) M given in Table V, and dividing each quotient by the sum of 
tilt quotimits. The ano/ym by veeigki is determined in the reverse 
manner by multiplying the per cent of volume of each coi^ituent 
by the specific weight and dividing each product by the sum of the 
^oducts. Molecular weights may be used in place of specific weii^ts. 

Example. A typicti pnxiucer gu made fron anthradte coal hw tibe 
fetteidag aaslyns by vtrfume: COt, 6.2; Oi, 0.4; CO, 23.8; Ut, 15.8; t.O; 
fiu MJ. What k the aa^ydi by «eifli(r 
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Pi-rr 

•ni Sn*-* ■li'" 







Pff cunt 


l.v V 

'.I nh.Mht 







hy Weight 

CO: 


'jyo n.'rti- 

0 

(•oil 

X 

ino- 


'>120 

9 2 

0, 

0 

tXO (W4I 

0 

0.ti( 

X 

100 


')I20 

=» (l.v 

(V> 

■J2 

‘»xo n7;tt 



X 

100 


'•120 

- 2r>.i> 

//: 


:txn (Mr.:{ 

0 

(Ml 

X 

100 


•>120 

j 2 

fV/, 

I 

0X0 OLM 

0 

0121 

X 

KN) 

(i 

".120 

« 0 0 

A'l 


2X0 UTitS -. 


07:iH 

X 

too 


''.120 

-■*02 0 


HNI 

0 

0 

:.I2( 





i()b.b 


Spcciftc Weight. 'I’Im* NjU'clfu' wrif’lit can be detemiincd by 
multiplying the volima tric per rent of eiuh <dnstiti:eht pnseiit by 
the s|M*<ilie weijjlit (d lluit <-onstitnriit as given in Table V', and 
dividing tlie sum of the produets so obtained by UKI. 

Txantpie. WtiaJ is lhef.|M'Gi(ii' wcijihl «»f lliogusof 'lieprmiliciR prolilem? 

Ktilnlinn. Troiii the Holnlion «if the |>l'l■vl■>lH prolili'iii (he hiiiii of tlio 

prwliieliiof lhcK|HM ilie wi-iclilsof .... . hy (he volunwfric iMTceutago 

ii 6.i)t2(>. 'I'hcrefon', tW M|Hvilie ueii;lii of ihe |)ro<l(i<-er r:)h id 

*’ I*'- ft. 

Density. *riu* tlensity is d<‘termined by tlividing the specific 
weight of the giis by the specific weight of air. 

nxlmple. What ia the deiwity of the prodiieer jt;u of (lie previous prob¬ 
lems? 

.SVi/wh'en. 

Specific Heat. TKe s|iecifie heat is determined by multiplying 
the per cent by weight of each constituent present by the specific 
heat of that cemstituent, as given itt Tabic V, and divhling the sum 
of the products thus obtained by 100. 

Example. What in the lipcctBc heal at ronstanl pttwurc of the producer 
gas of the previous pro)>lpin«<7 

&duhie)i. 


by 

Vr r(>nt - 

Wri|hl 


co,- 

O.2X0.2n3* 

1.86S 

0,- 

0.5X0.218- 

0.109 

co - 

25.9 x0.24;t- 

6.294 

w,- 

I 2X3.400- 

4.09t 

c««- 

0.6X0.580- 

0.353 

/v*« 

62.6X0 244- 

15.274 


ioo.o 

27.989 

Specific 

. . 27 989 

-0.280 
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The specific heat at constant volume is found in precisely the 
same manner, only using the values for the specific heats at constant 
volume of the constituents in place of the specific heats at constant 
pressure. 

Weight of Oxygen or Air. The weight of oxygen or air^hemi* 
cally necessary for complete combustion is determined by multiplying 
the per cent by weight of each constituent present by the weight of 
oxygen or air rc^quirwl by that constituent, as given in Table V, and 
dividing the sum of the products so obtained by 100. 

Example. What ia the wojiclit ot air chomiralty ncceHary for the com* 
bustion of the producer goa of the previous problems? 

Solution. 

P*r ernt Wfinht 


bj WpigKt «< Air 


(’0.» 9 2X 0- 

0 00 

0,- 0 .'iX -l« 

-0 5 

CO »2.5 9x2 477» 

64 14 

//,- 1 2X34 7S- 

41 74 

C//,» 0 6X17,32- 

10 39 

.V,«62-6X 0 = 

0 00 

100 0 

115.77 


Weight of air required « «1.16 lb. per lb. of gaa 


Volume of Ox^n or Air. The volume of.oxygcn or air chem¬ 
ically necessary for complete combustion is determined by multi¬ 
plying the per cent by volume of each ^mstituent present by the 
volume of oxygen or air, as the case may be, required by that con¬ 
stituent, as given in Table V, and dividing the sum of the products 
thus obtained by 100. 


Example. What is the volume of air chemically necessary for the com* 
bustion the producer gaa of the previous problems? 


■Solution. 


VoluiM 
ol Atr 


CO,- 5 2 X 0.00 - 0.00 
Of 0 4X-I --0.40 
CO -22.9X 2.38 - 54.50 
il,-15.3X 2.38 - 36.42 
CHf l.OX 9.52- 9.52 
Ar, -55.2X 0.00- 0-00 
mm 100 04 


V^me pf tir required--1.00 cu. ft. per cu. ft. of gag 
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Eiceu of Air for Perftct Comhugtion. In practice, more air is 
used for combustion than the amount chemically necessary. If 
only the amount chcmtcally ncr.'cssary were used, the combustion 
would not be complete. 'Fhc amount of excess.air, therefore, b 
such an to give the most complete, or best, combustion and varies 
between 35 and 55 per cent over that chemically necessary. 

Example. The produt’it giui of (he previous problems requires an excess 
of sir of 35 per cent over (hitt ('hemirully neroMtiry, (o give best results. Whst 
is the amount of sir reqiiire'l per cubic fool of the gas? 

Solution. 

Volume uir chemically neeeaKary is 

I 00 eubir f(K)l per eubin foot of gas 
Vdume of air necewuiry lo give Imt renulla ia 

I 00x1 3r>»! aricu-fl-per c». ft. of gas 


Heat Value of Qas. The heat value of the gas is determined 
by multiplying the per cent of each constituent present by the heat 
value of that constituent— {kt |K>und or per cubic foot in accordance 
w ith whether the per cent is l>y weight nr volumetrie^and dividing 
the sum of the products so obtained by 100. 


Example. What is the low heat value per cubic fool of the producer 
gas of the previous |in;4>lcm8? 


iSWvfma. 


CO.-.'iJX 0» 0 

0,- 0.4X 0- 0 

CX?-22.0X®2- 7.173 
//t-15.3X28l- 4299 
rH,m I 0X913- 913 
A^i-35.2X 0-_0 


100.0 12,585 


Host value 


^ 12,585 

lUU 


125.9 B ( u, per cu. ft. 


Hut Vthic of ExpkMive Mixture. The heat value of the explo¬ 
sive mixture per cubic foot can be determined by dividing the but 
.value of a cubic foot of the gas by the sura of the volumes of the 
gas and air. 


Example. What la the low heat value o( the eipkaive mixture at tha 
producer gaa o( the imioui probleme and air (I) when juat the uKMat id air 
cheenically neccaaary i. pieacnt, and (2) when there ie an excere ot air id 25 par 
cent over that chtniically neomaryt 
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liduHon. 

(1) Low hett yttua of the explosive mixture 

—^-63.0 B.t.u. per cu. ft. 

(2) Low beet value of the explosive mixture 

lOE A 

Contraction In Volume. The contraction due to combustion is 
the difference in volume between the original explosive mixture and 
the products of combustion when the latter have l>een coole<i to the 
original temperature of the mixture. 

The contraction is determined by multiplying the volumetric 
per cent of each constituent present by the volume contraction of 
that constituent, as given in Table V, and dividing the sum of the 
products so obtained by 100. 

j^ample. What is th« conlrsctuHi, water vapor uncondensed, of the 
producer gas of the previous oroblem io bumingT 

.Solution. 

P«rc<Dt 
by VotuaM 

COi- 6.2 

Oi- 0.4X1.0- 0.40 
CO -22 9X0.6-11.45 
Hi-15.3X0.5- 7.65 
CHi- 1.0X0,0- O.ff 

H»- 65.2 _ 

lOU.O 19.70 

Contractioii-^-0.197cu. ft. per cu. ft of (u burnwfwith inter npor 
aneondetued 

Vpitunetric Aiulysis of Exhaust Oas. The volumetric analysis 
of the probable exhaust gas can be determined by multiplying the 
volumttric per cent of each constituent present by the volume of 
water and carbon dioxide formed by the combustion of that con¬ 
stituent, as given in Table IV; adding the per cent of nitrogen in the 
gas to the volume of nitrogen present in the air required for the 
combustion of 100 cubic feet of the gas; determining the volume of 
oxygen in excess of that chemically necessary for the combustion of 
100 cubic feet of the gas; then adding all these quantities, dividing 
each item hy the sum, and multiplying by 100. 
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Example. What is the probable volumetric analysis of the exhaust gaa 
from the ernnhuHtion of the producer gas of the previous problems in 35 percent 
exceas air? 

StAution. 

Volmno of air rhemicaliy necessary for combustion 

1 00 cii. ft. per cu. ft. of gas 
Volume of air rcuuiniJ per cent cxceas) 

135 cu. ft- per 100 cu. ft- of gas 
Volume of riiiroKcn in the air 

I'tSXO 79 = 100 7 ru, ft. per KX) cu. ft. of gas 
Volume of oK\geii in I lie air 

13.5- 1(H),7 -2S.3 cu. ft. per 100 cu. ft. of gas 
Volume of oxyHcii i-hi-iiiicMily iieces.<ary 

lOOXO 21 -21 0 cu. ft. per 100 cu. ft. of gas 
Volume of oxygen renmiiung in the exhaust ga.4 

2S 3-21 0-7.3 cu. ft. |>er 100 cu. ft. of gas 
Volume of the exhaust g.vi tii’-y be calculated thus: 



Ufl 

COt S', 

0, 

COt- .5.2 


Xl“ 5 2 

. 

Ot” 0 1 



1 Used in 

CO 22 9 


Xl-22 9 

\combustion 

}!,- 1.') 3 

XI -1.5.3 



(7/«- 1 0 

X2- 2^.0 

X 

1 

o 


A',- 2 


.5.5.2 


’ ( ^,-IO(i 7 


100.7 


\0,m 7 3 



7 3 

Total 


+ 29.1 + 1019 

+ 7 T -215 

Chtek. 





the 


Volume of air and gas Ix'forc combust icm 

lii5+100 *2:15 cu. ft. per 100 cu. ft. of gas 
Contraction due to combustion 

19 7 cu. ft |)er 100 cu. ft. of gas burned 
VtdUBM after combustion 

235-19 7, or 215.7 cu. ft. per 100 cu. ft. of gas 

Ciifevfofions /or Eskaud Gai. In all apparatus for the analysis of 
g as, the gas ia cooletl off anti the water vapor condensed out, and Uterefore the 
amUyais of tlie exhaust gas should be given i dry basis. In this esse it will 
be given on both. 
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VoImim from Per Ceot of Water 

CombiHtioft of Vapor VoroiMleBaad 
100 cu. ft. Gaa. 

Per Cent of Wau# 
Vapor Condenaad, 


17.3 -j^X.OO- 8 0 


COi 

2«.l jfAxlOO-.SS 


0. 

7 3 jfixlOO- 3 4 


N, 

1619 i^XlOO-75 1 

l|i-»X100.81 6 


100 0 

100 0 


Therefore the volume of exhaust gases per 100 cubic feet of gas is as follows: 

With water vapor uncondensoii “215.6 cu. ft. 

With water va)>or conclense(i“198.3 cu. ft. 

The arui/ysiA by the spfci/ic vtigkt, the (fensttv, and the $peei/!e 

heats of the exhaust gas ran l>c dclermiiuHl in |>r<‘ciseiy the same manner os for 
the producer gas. 

EXAMPLES FOR PRACTICE 

1. 'Vhat is the analysis by weight of the natural gas given in 
Table VI? 

Ans. 

H,. 0.3; CH,, 90.9; C,H,. 0.5; CO„ 0.5; CO, 1.0; 0,, 0.8; N,, 6.0 

2. WTiat is the specific weight and the density of the gas? 

/Specific weight=0.0431 lb. per cu. ft. 

Density=0.506 

3. What are the specific heats, at canstant pressure, and at 
constant volume? 

-0.567 
-0.441 

4. What are the weight and volume of air chemically necessary 
for combustion? 

/15.95 ill. of air per lb. of gas 


Ans.{*P 


Ans.{^;; 


Ans.' 


,8.96 cu. ft. of air per cu. ft. of gas 


5. If, to obtain best results, the air must be 56 per cent in 

excess of that chemically necessary, what is the volume of air actually 
necessary? Ans. 13.97 cu. ft. of air per cu. ft. Of gas 

6. What is the low heat value per cubic foot of the gas, and of 
the ideal and actual explosive mixture? 

f86l B.t.u. per cu. ft. 
Ans.f 86.4 B.t.u. per cu. ft. 
.57.5 B.t.u. per cu. ft. 
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7. What is the contraction due to combustion? 

Alls. 0.013 cu. ft. per cu. ft. of gas burned 

8. What is the volumetric analysis of the probable exhaust gas 
from the actual explosive mixture (1) steam uncondensed and (2) 
steam condensed? 

f//,fn2.G, COt C.3, AT, 74.0, 0,7.1 

CO, 7.2, N,84.8, 0,8.0 

9. Check the volume of air chemically necessary for the gases 
of Table VI. 

PROPERTIES OF OASEOUS FUELS 

Illuminating Qas. In those regions where natural gaa occurs, 
that fuel is used almost exclusively in the gas engine; but in most 
regions the gas has to be made from cither solid or from liquid fuels. 
The use of liquid fuels will be considered later in connection with 
the discussion of the oil engine. In most towns of moderate siee, 
there is available illuminating gaa made from coal. Tlie illuminat* 
ing gaa is made by one of two priKcsses, giving cither coal gat or 
Kaltr gat. There may also be available enke-oten gat, oil gat, or 
other special gaseous fuels. 

Coal Ca». Coal gas is made by heating bituminous coal in a 
retort, away from contact with the air, so that no combustion takes 
place. The hydrocarbon gases in the coal are driven olf by the heat, 
and, after undergoing vapous purifying processes, are collected in a 
holder. The non-volatile part of the coal remains as coke. The gas 
consists mainly of hydrocarbons, and has a high heating value. 

H'ofer Gat. Water gas is made from a non-gaseous fuel, such as 
anthracite coal or coke, by an inlermittent process. Air is blown 
through a bed of coal several feet thick, until the coal is incandescent, 
the products of combustion being permitted to escape. Then a jet 
of steam is blown through the incandescent fuel, and is thereby 
broken up into its constituentelements—hydrogen and oxygen.’ Tlie 
oxygen combines with the carbon of the fuel to form carbon monox¬ 
ide (CO); the hydrogen goes off unchanged. The pas.sage of the 
steam quickly cools the coal, and air has to be blown through again. 
The only gas collected is that generated during the steam blow; it 
consists principally of hydrogen and carbon monoxide, and has a 
much lower heating value per cubic foot than coal gas. The whole 
of the coal is consumed in this process. If this gas is to be used lot 
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Volumetric Composition. Heat Value, Etc., of Fuel 
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illuminating purposes, it has to Im? enriched by the athlition of hydro¬ 
carbon vapors obtained by heating crude oil or other oil. 

Both coal gas and water gas are excellent fuels for use in a gas 
engine; but since, for cleansing them ainl increasing their illuminating 
power^ they have gone through certain processes which iiicr<‘ase the 
cost of the gas, but do not ad<l materially to its value for gas-engine 
ust*. and since, also, the cost to the consumer is considerably greater 
than the cost of pnMlnctioii, they are not (economical fuels. Such 
fuels should be used only wlieii the engine is small or its operation 
infre(}ueut. 

Coke-Oven Oas. When bituminous coal Is heati^l in a retort, 
the products of the process arc gas, lur, ainmouia, and coke. In 
city gas plants, the first is the prituipal product and the rest are by¬ 
products. M here are in this country a consnhTable number of by¬ 
product (“oke ()vens whicli carry out the same process as in city gas 
plants, but with a ditlerent purposi* in view, and with more com¬ 
plete .s(^paration of the by-products. 'I'lu’ coke-oven gas, which is 
obtained as a by-prcKluet from such ovens, dot's not differ materially 
from coal gas. 

Oil Qas. Oil gas is obtained by mixing the vapor of crude or 
other mineral oil with snjXTlieated steam, and sending the mixture to 
a retort where u t(*inp(*raturi’ of about 000* F is maintained. The 
vap(jr is tliere (H)i»verted Into a non-condensable gas very rich in 
hydrogen. 

Blast-Furnace Qas. Biast-furnaoe gas is the gas that comes 
from the top of a blast furnui'c, which is simply a huge gas-producer. 
In the jmst, it has either been burned there, and consequently wasted, 
or has lH*en burned under Imilers for generating steam. It is a much 
weaker gas than any of the others deseril)ed. but can be used most 
satisfactorily ami eeonoinieally in gas engines. Naturally, it is 
available only at blast-furnace plants. * 

Producer Qas. If gas is not taken from any of these sources, 
it can Ih? generated sjH'cially Tor the engine in a gas^producfr. 

In the gas-pnMlucer, either air alone, or generally both air and 
steam, are sent through a thick bed of ooal. The oxygen of the air, 
OH first striking the zone of the incandescent coal, oom!>iiies with the 
carbon to form carbon dioxide (CO,); but this, on passing through 
the burning coal above, is reduced to carbon monoxide (CO), which 



55 


GAS AND OIL ENGINES 

• 

'escapes with the hydrogen and carbon monoxide resulting from the 
action of the steam on red-hot coal and with the nitrogen which came 
in with the air. The resulting gas, therefore, consists almost entirely 
of carbon monoxide, hydrogen, and nitrogen. The large amount of 
nitrogen in the air (79 volumes in 100) makes producer gas 6ontam 
50 per cent or more of that inert gas, and consequently gives it a 
low heat value. 

Characteristics Compared. Compoaition. The compositions of 
the various gases mentioned are given in Table VI (p. 53). They 
are all rich in hydrogen and marsh gas, with the exception of blast¬ 
furnace gas and producer gas. The presence of large quantities of 
hydrogen makes a gas engine peculiarly liable to premature ignition. 
As this phenomenon is particularly pronounceil and particularly 
objectionable in large gas engines, those gases only which contain not 
m(^€ than 10 to 12 per cent of hydrogen arc desirable for large powers. 

Heat of Comhfistion. The heat of combustion of a cubic foot of 
each of the gases umler the standard conditions— that is, with the 
gas at 62* F. and at a pressure of 14.7 pounds j)er square inch—is 
also given in Table VI. There is a very large range in the values, 
the extreme range from natural gas to blast-furnac-e gas being a 
range of 12 to 1. 

Volume of Air Used in Combustion. The volume of air chemi¬ 
cally necessary for the combustion varies,, however, through a range 
which is almost as great; for natural gas it is 9 times the volume of 
the gas; for blast-furnace gas only §. The volume of air actually 
necessary varies through a greater range; for natural gas it is 14 
times the volume of the gas; for blast-furnace gas only 1. 

Heat of Combu.tiion of Muture. The heat of combustion of a 
cubic foot of the perfect explosive mixture is, for natural gas, about 
100 for blast-furnace gas, about GO B.t.u.; that is, the heat of 
combustion of a cubic foot of the explosive mixture does not vary 
much, even in the two extreme cases. In practice, more air goes to 
the cylinder with the gas than the amount that is chemically neces¬ 
sary; an excess of at least 35 per cent over that amount is u^ual. 
Such excess of air results in more complete combustion, and con¬ 
sequently gi\*«s greater economy. Table VI gives the average heat 
of cpipbustion per cubic foot of the theoretical mixture and of the 
actual mixture. 
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PROPERTIES OF LIQUID FUELS 

Internai-roinbustion motors can l)e made to work with any 
explosive mixture. Mixtures of air with gaseous fuels are natu¬ 
rally the mixtures most easily made and controlled. Generally, noux- 
tures of air with liquid fuels offer no particular difficulty. Mixtures ‘ 
of air with solid fuels, such as powdered coal, have been tried, but 
are not practicHble, on act’ount of the ash w'hich remains in the 
cylinder and rtiphlly abrades it 

The liquid fu<‘ls whicli are coinmercially available are crude 
petfideum anil ih diHliHah’if, and alcnhtd. 

Crude Petroleum* Oiitie ))etroleum ocxurs at many parts of 
the earth’s Hurfaee, the principal sourtTs Wing the United States and 
the Baku distrid in the (^umusu.s. In the United States the prin¬ 
cipal fields are in IVniisylvauia, Ohio, Texas, and California, 
oils from these different fiehls are very different in their character¬ 
istics. They <‘onsist almost entirely of com|Mninds of hydrogen and 
carbon—the so-called hyilriH-arhime. The crude oils are made up 
princi|}ully of closely relattsl eun)|H)unds, some of which, on separa¬ 
tion, are gaseous, others liquid, aud still others solid at ordinary ' 
temperatures. The liquid constituents are of different densities and 
volatilities, varying from an extremely light liquid, which evaporates 
rapidly at atmospheric tenqxTature (just as alcohol and ether do), 
to heavy, viscous liquids, which have to be raised to a high tempera¬ 
ture Wfore tlH*y will give off vapors. The character of the crude 
oil depends on the relative amounts of these various constituents. 
The reniisylvuuia. Ohio, and Baku oils contain a considerable pro¬ 
portion the lighter liquid constituents. The Texas and Cali¬ 
fornia oils contain very little of the lighter constituents, but conust 
mainly of a different .series of liydrocarbons, having close chemical 
relations with aspimitum. * 

The crude oils from Pennsylvania and Ohio can be used in oil 
engines. The Texas and California crude oils can also be used, but 
only with difficulty and in engines specially designed for such oils. 
Tiic crude oil. because it is a mixture of substances of very divergent 
physical properties, is not a satisfactory fuel; those engine ctmditions 
which are favorable for burning one part of the oil are not neces¬ 
sarily favoralde for the other constituents. 
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Refining Pndudt. The Pennsylvania and Ohio crude oils are 
commonly rehned before using. The refining is a process of distilla¬ 
tion carried on in closed retorts. If crude petroleum is slowly 
heated, it gives off as vapor its various constituent elements; the 
more volatile being given off at the lower temperatures, anS the 
residue becoming continuously more dense and more viscous. In 
the refining of petroleum, the vapors given off at various tempera¬ 
tures are condensed and collected separately; the names given to 
the various products are an index chiefly to the temperature at 
which they give off their vapors. The most volatile of the ordinary 
produets contains all the elements that vaporir.e at a temperature 
below 160“ F., and is called gaeoline. It gives off some of its lighter^ 
vapors at the ordinary temperature of the air; and, as these vapors! 
arc highly combustible, gasoline is quite dangerous. When mixed 
with from 8 to 20 parts of air, it forms an explosive mixture which 
gives a more rapid explosion, and consequently higher pressure, than 
do mixtures of equal heat value with any of the gaseous fuels. When 
exposed to the air, the lighter vapors escape, leaving behind a 
heavier and less volatile oil. 

If petroleum which has been heated for some time at 160“ F. is 
slowly raised in temperature to 230“ F., a new and heavier series of 
vapors will be given off, which, when condensed and collected, are 
called benzine or naphtha. On further raising the temperature 
from 250“ F. to 330“ F., a still heavier series of vapors is given off, 
forming the oil known as kerosene. Kerosene will not give off inflam* 
mable vapors till it is heated to about 120° F., so that it is compara¬ 
tively safe, and will not change or deteriorate when stored under 
ordinary conditions. It is more difficult to bum satisfactorily than 
is gasoline; and, when subjected to a high temperature with insuffi¬ 
cient w for its combustion, it decomposes and deposits its carbon 
as a hard cake on the walls of the containing vessel.. The dense 
petroleum which remains after the kerosene has been driven off is 
called /uef oil. If the fuel oil is Subjected to still higher temperatures, 
other and denser vapors are driven off, giving, when collected, lubri- 
eating oift, cylinder oil, and paraffine waz, and leaving, finally, a 
dense, sUcky mass, which is known as residuum. 

The ordinaiy distillation is into three “fractions”; but the dis¬ 
tillation can be made in as many steps as desired, and by re-distilla- 
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TABLE VII 


D«ntUlc«Corrcsponding (oDcgrees Baumefor Liquids Lighter Than Water 


D«|irrr* 

Daurit^ 


Orgfw* 

a*uici<‘ 

IVnaily 

lUiiino 

nefnity 

Dorc'i 

Uau<ii< 

Dcnnty 

in 1 

1 OtKM 

:«i 

0 k7:a\ 

,V) 

(> 777S 

70 

0 7000 

Vi 

0 

:i2 

0 S«42 


n 7002 

72 

0 09:11 

14 

0 <»722 

:h 


54 

0 7009 

74 

0 OAOil 

m 

0 U.SH» 

■M\ 

n H4;i4 


0 7.j27 

7«i 

0 07% 

IR 

U »4.')'l 

:« 

0 

:a 

0 7447 

7.S 

0 07:n 

20 

0 

40 

0 H2:?.*» 

(W) 

0 7.1W 

KO 

0 0007 

22 

0 0211 

42 

0 sun 

rt2 

n 7292 

K4 

0 0.542 

24 

0 mn 

44 

0 S(Ml) 

01 

n 7210 

.SO 

0 11422 

2« 

0 KU7 I 

tr. 

0 Tn.vs 

iV) 

n 7i4:i 

92 

0 o:«io 

2« 

0 HMUI 


0 7Hli*) 

tw 

0 7071 

W 

0 019.5 


tion irion* and mon* rrnnplrtc M’paratuni nf tin* individual cnmpo- 
iM'iils can he cllcrtcd. As tin* practiir in distilling varies in the 
<lifferent oil refineries, un endless variety of <listiliates of (H'troleum 
is purehasahle. 

Dnixily Ikxt Imlintlion Projx'rtif.i of Product. The best indi¬ 
cation of the general physical pro|HTties of any petroleum prtKiuct is 
found in its flensity. as each constituent of the petroleum has a 
<)iiren*nt density. The density is not, however, an entirtdy satis¬ 
factory indication, since a mixture of heavier ami lighter oils may 
have the same cleiisity as some intermediate oil. 

The tleusity of a Ii(|uid is the weight of the unit volume of that 
iiqiiui at 0)0^ F.. as <'ompared with the weight of the same volume of 
water at tit)'* F. All the liquid fuels arc lighter than water. It is 
the common practice to speak of the density of p<‘troleuiii products 
in degiXTsIhinme. This is an arbitrary s» ale, with notliiug to recom¬ 
mend it. Its relation to true ileusity for liquids ligliter than water 
is given in Table VII. 

The <lensity of gitsoline varie> from .57 t<» .71; of kero.s<>ne. from 
.75 to .S2; of fuel oil, from .H2 to .So. * 

Tlic higher the density, the less the degrees llaiime. The heals 
of combustion of the variou.s c*ude oils and their distillates do not 
vary givntly; they range from 18,000 to 20,000 B.t.ii. per pound. 

Denatured Alcohol. The action of the I'liitetl States Gov¬ 
ernment in removing the excise duty from denatimHl alcidiol lias 
made that aubstanee commercially available for use iii internal- 
combustion motors. There arc two principal kinds of alcohol: (1) 





59 


GAS AND OIL ENGINES 

• 

TABLE VIII 

HMt Values end MIsture Proportions for Common 
Liquid Fuels 



Cabvunc 

KmCMBNE 

Alcohol 
90 IVr ('em 
bj Vol, 

Crvdc Oil 

Lower heal value—B.l.u. per lb. 

20,500 

2O..300 

10,900 

18,000 

Air phemifttlly nerrs-wy [)er lb 
of fuel—in cu. ft... 

1K9 

187 

lOI 

176 

Heat value of ideal mixture- 
B.t.u. per eii. ft.*. 

108 .) 

lOH 5 

108 0 

102 0 

Air actually neeewary per lb. of 
fuel to give best results—in 
cu. ft. 

.300 

500 

ir>.> 

305 

Heat \’aliie of actual mixture- 
B-t-u. per cu, ft.*. 

M r, 

fi7 .’’i 

r>r> 0 

.59 0 


•In Iipinnivt niiiluir* ol ll•illi<t-fl|r| vkpnM hiiti Bir. ihr voltimr •ir<-ii|MPii h>- ihp fufi 
vtpor. »hen fomparc^l wuh «hc vrrtuine nir. h m »mall «h*t ii may hr nrilmrtl »i(lioul aariou* 
error In ihe .vtxive tabic the Il<»i Value ol the Mixture. Ideal aixl Actual, wa« calculated on 
the alwve avaumpiion 

ethyl or groin ala^kol (C*y/*0), whicli can he ma<]e fnim corn, r>'c, 
rice, intiias^s, U^ets, or piotatoes, by u process of fermentation and 
distillation; and (2) viethyl or wchmI alcohol {(’UtO), which is obtained 
from the destructive <listiiIation of wood, (iniin alcohol is that 
which is present in alcoholic Wverapes; wootl alcohol is a virulent 
poison. Denatured alcohol is grain ah'ohol which has lieen ren¬ 
dered unpalatable and unfit for consumption by the addition of 
wood alcohol and a little benzine or other substance. The common 
composition of denatured alcohol is 100 volumes of grain alcohol 
mixed with 10 volumes of wood alcohol and | volume of benzine. 
This siibstance contains within itself some of the oxygen which is 
necessary for its combustion. It gives up about 11.800 B.t.u. per 
pound on burning, which is not much more than one-half as much 
beat per pound as gasoline or kerosene. 

Data OB Liquid Fuels. Table VIII gives the lower heat value 
in B.t.u. per pound; the volume of air, chemically and actually neces¬ 
sary, per pound of fuel; and the heat value of the idea! and actual 
explosive mixture in B.t.u. per cubic foot, for the more common 
liquid fuels. 
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EXPLOSIVE MIXTURES 

Proporllofls ol Qas and Air for Various Fuels. An important 
charactcristk' of a fiiH is its cxplosibility with an exfoss or deficiency 
of air. It is not possible or desirable to regulate the air supply to 
an enfhne so that there shall always be present exactly the amount 
chemieslly necessary. Other things being equal, that fuel is best 
which will pprmit the largest variation of the ratio of air to fuel 
without failure to ignite. Coal gas, which unites with 5 to 7 times 
its own volume of air, will ignite—at atmospheric pressure—with 
any amount of air lietwccii 4 and 12 times its own volume; water gas 

(uncarbureted), using 
.2.9 times its own volume 
of air, will ignite between 
the limits of 0.5 and 7 
times its own volume. 
That is, an engine using 
uncarbureted water gas 
will function under a 
much larger variation of 
the ratio of air to gas 
than will a coal-gas en¬ 
gine. To get complete 
combustion, the air sup¬ 
ply must always be some- 
rii H l•mraK•^■,.rra^m,n^KIllauo« ol ivom- what In exccss of that 

chemically necessary. If 
it is much in excess of that amount, the combustion may be com¬ 
plete, but it will be slower and will not give such good efficiencies. 

Eaplosibillly of Various Proportions of Coal Qas. The curves, 
Fig. 14, are for mixtures of cxial gas and air at atmospheric pressure 
exploded in a clostxl vessel. They show the effect of the ratio’of air 
to gas on the maximum pressure obtained by the explosion, and on 
the time it takes the mixture to reach its maximum pressure. It is 
seen that a mixture of I part of gas to about 6} parts of air gives the 
maximum pimure 02 pounds, absolute; and also that the same, or a 
slightly stronger mixture, gives the minimum duration of the ex|do> 
skin, a duration in the neighborhood of .04 of a second. With the 
sreakest mixture, the time required to reach maximum pressure—' 





which is approximately the time required for complete combustion 
—is about one-half second. As a small gas engine may run at 360 
revolutions per minute, or 6 revolutions per second, there is only 
Vi of a second available for each* stroke; and consequently an 
explosion requiring | of a second is altogether inadmissible. 

Effect of Compression on the Explosion. The compression of 
the charge, which takes place in all gas engines, makes the pressure of 
the explmion much greater, and its duration less, than those shown 
in I^g. 14. With a compression to 60 pounds of the best mixture of 


TABLE X 

Limits of Proportion for Explosive Air-Oas Mixtures at 
Different Temperatures 


































62 OAS ANI) OIL ENGINES 

(•«a! (las iiiul air, the explosion in a small engine may be complete in 
iilmut .01 of a second. With gasoline, the time is even shorter. 
Tahh- IX gives the limiting proportions, or percentages, of gas in 
explosive inixtnres, between which the mi.xttire is combustible, for 
the vafions fuels and eonstitiient gases. Table X gives the limits 
for mixtures of combustible gas and air for four temperatures, 
bctwe<’ii ^>0 an<l degrees F., f(»r tbe more common of the constitu¬ 
ent gases and for illuininnting gas. 

FULL-MIXINQ DEVICES 

Process of Carburction. In <*rder to make an explosive mixture 
of a liqiihl fuel with air. it is ne< esMiry first to wnvert the liquid fuel 
into a Vii|H»r or gas. 'Hie lighter distillates - gasoline, naphtha, 
etc., arc easily vajMjriml; the illiiminating oils offer some difficulty; 
the ftiel or <'rude oils an still more difficult. 

The cycle <»f oin rations through \vhi< b the engine goes, and the 
general structure of the engine, may l>e the same for all these oils as 
for the gas engines alix’ady iliscusseil; the only es.sential difference is 
ill the addition of tievices for supplying tlie oil to the cylinder, and for 
its pn‘parat(»ry treatment. 

With the lighter oils, the apparatus for vaporizing the oil is 
calk'd a earbnreler; with the heavier oik. a va|KJrizt'r. 

Tin* vaiMiri/alion of gasoline is effected hy bringing the current 
of air that is on its way to the eyllmler, over, through, or in some 
other way, into intimate eontaet witli the gasoline. A given volume 
of air will take up an ainoimt of gas«»linc which depends on the com- 
po.sition of the gasoline, the temiM rature of the air and gasoline, and 
the humidity of the air. When h 1ms taken up its charge of gasoline 
vapor, the air is said to be “rarbiirete<r’. Tbe lighter (and more 
volatile) the ga.soliiio, the more of H will l)e vajMjrixwl by a given 
volume of air; the higher the temfH'rature of the air and gasoline, the 
more gaaolinc is ova|K)nited; also, the drier the air. the gn>ater is its 
otpaeity for taking up tbe gasoline. 

Avoiding Selectitf /’Jra/wrafum. Ga.soHne is a mixture of many 
romponent.s; and on the passage of air over a surface of gasoline, the 
more volatile components vaporise first, leaving a residue, which 
becomes denser and denser and which gives off vapor at a constantly 
decrcasiitg rate. As it is desired that all of the gasoline should be 
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TaAe XI 

Practiohal Dl»tillate« for Gasoline and Kerosene and Temperatures 
at Which They Are Given Off 


Tenth* 

TRHPBRATVIkC 
LiuiTk in 
DcoiieMir. 

SpRcinc 
Okavitt 
or TMR 
DiSTil.LATS 

Tshtb* 

LiMira m 
DtOREU P 

Srscinc 
Ghavitt 
or ifeiia 
Dinnikkn 

Cam 

tnc (Spenfic Cf*vMy 0 884) 

(SpcfiBf Gr»*ilj' • 0 801) 



0 m 

1 

280-3.'i0 

0 7.V> 



0 O.'y.'i 

2 

S-W-SS? 

0 7«» 



0 Gfv'i 


387-414 

0 776 

4 


0 R70 

4 

414-4.')7 

0 783 


0 r)7.'» 

ft 

4r*7-4ft7 

0 706 

6 


0 im 

6 

487-.T25 

0 805 

7 

ft 

0 

Iftl-tOO 

100-20.3 

20r>-22.3 

o.im 

0 704 

0 71ft 





used in all engines, and that there shouhl be no variation in the 
composition of the carbureted air, this selective evaporation has to 
be prevented. The process of vaporization of the, gasoline necessi¬ 
tates the supply of the latent heat of vaporization partly from the 
air and partly from the laaly of the fluid. This ri'sults in a cooling 
of the ga.solinc, which in turn diminishes the rate of vaimrization. 
In cases where the arrangements are such that this cooling of the 
body' of the oil by vaporization is possible, it is necessary to supply 
beat from outsidc-either from the exhaust gases or the jacket 
water-to make up for the loss of heat. The necessary amount of 
heat for the vaporization of gasoline is small and can be taken from 
the jacket water. 

It is not necessary, however, in all cases to supply heat from out¬ 
side to the carbureter. There arc many devices by which selective 
evaporation and the cooling of the body of the gasoline can be 
entirely prevented, but even with such devices it U sometimes 
desirable to raise the temperature of the gasoline somewhat, so as 
to increase its volatility. 

In Table XI are shown average fractional distillates for gasoline 
and kerosene, and the teipperatures at which they are pven oflt. 
The column headed “Tenths" refers to tenths by volume of the orig¬ 
inal fuel evaporated between the temperature limits given in the 
next column. 
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Air whHi «f or<liimrv t<‘m|)cra(iir('S lias twsscfl over or through 
the onlinary gasohiie of and is ('iinMf|iieiitly satiiratcil 

with the va(Mir of the gaMilinv—tliat is. contains as much gasoline 
vapor as it is |K»ssil)lc for it to < arry—is (imi rich In fuel to be explo» 
»ive. vlf the tcinpcralnrcs arc h>w or the Kasoline ilense, tills may 
not Ikj the cas<'. It is lu'ccssary, with sm li ri< h mixtures, to add 
more air to the carhim’tcd air in order to get an explosion in the 
cylinder; or, at any rate, even if an explosion is possilile, in <irder to 
get an economiial iH'rformanee of the <*ugim‘. Sueh admixture of 
air with the earhur<‘i<‘il air may take plaee either at the cylinder or 
ip the earbunder itseif. 

tARBUHLTLttS 

Types for Automobile ami Motor*Boat Work 
Classiflcatlon. 'The j arlniriders u>ed for automobiles or motor 
boats may be dividetl into three elasses. aeconllng to the method hy 



whi<-h the air and gasoline arc 
brought into eontaet. 

Surface Carfmrrlcr^. In the 
Mirfaec ty|)e.of earlmrctcr, air is 
ma<le to pass over a gasoline stir- 
fa<e. or an extemled surface 
wetted with gasfdinc. The most 
simple form is a wick or flannel 
carlmndcr. such as is shown in 



y*lg 15 Surfarr C*«rbumpr 


Fig. t.V The air. entering at o, 
is foH'eil by the shm-metal spiral 
r e to pursue a spiral path till it 
gets to the center of the car¬ 
bureter, when it escapes from b. 
'The metal spiral has flaimel on 
its surfai'c. and the whole vessel 


is half-full of gasoline. The air, passing through the carbureter, 


comes in contact with an extended gasoline and gasoline-wetted sur¬ 


face, and is thereby saturated with vapor The objections to this 
type are: (1) sidcctive cvapf>ration and (2) cooling of the mass by 
tiM vaporization. 

Bubbling Carbureters. In the bubbling ty|H* of carbureter, air is 
made to pass through a moderate depth of gasoline, and, in bubbling 
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through it, becomes saturatni. The same objection holds aa with 
the surface carbureter. Both these types are now superseded 
by the third type. 

Spray CarhirHera. With the spray type of carbureter the amount 
of ga.soline required for carbureting during one admission to thS cylin¬ 
der is sprayed into the entering air, being thereby partly vaporized 
and partly atomized, and consequently is carried into the cylinder 
partly as a vapor, partly as a liquid. In consequence of its separa¬ 
tion from the main body of the gasoline, there b no cooling action on 
the mass of the gasoline by the vaporization, and no alteration in its 
composition by selective evaporation. If heating of the main body 
of the gasolme is used, it is in order to increase its volatility and not 
to make up for cooling by vaporization. 

The spraying of the gasoline must occur only when air is being 
drawn into the cylinder; consequently, it is possible and usual to 
make the spraying result from the action of the suction during the 
admission stroke. 

Schebler Model “O” Carbureter. In the most common forms 
of carbureter the gasoline is kept at a constant level by means of 
a float. In Fig. 16 when the U-shaped float F —which is hinged at 
falls, it lifts the needle valve H, permitting gasoline to enter by 
gravity from the reservoir, through G, into the float chamber B. 
As the gasolme rises in the chamber, it lifts the cork float F and 
closes the gasoline-admission valve. The float consequently keeps 
the gasoline at a constant level. Thb constant level b a little below 
the outlet of the spraying nozzle D, Air enters the carbureter on 
each suction stroke of the engine; and, passing through the mixing 
chamber C with considerable velocity, creates a slight vacuum 
there, sufficient to suck gasoline up through the spraying nozzle and 
to capse an intimate mixture of the gasoline with the air. The 
amount of gasoline admitted is controlled by the needle valve E. 

Air Supply Adjtutmenl. This carbureter has another feature 
in common with most automobile carbureters—namely, a device tor 
automatically adjusting the opening for the air supply as the engine 
speed changes. The compensating air valve A remains in the posi¬ 
tion shown when fhe engine b going at its lowest speed. As the 
speed iniieases, the velocity of the air through the carbureter b 
fleeter, and consequently the vacuum in the mixing chamber is 
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itimased. Tliis rt*siiJts in an op<*ning of the valve yf against the 
resislan<*e of the spring to an extent wJueh.<lepeiMlson the engine 
speed. At the >?ame time, the increased vacuum in C increases the 
gasoline flow thnnigh IK The increase of both air and gasoline 
shoukl Iw in the same pr<if)ortion so that, when once adjusted for a 
good mixture, the variation in sptHsl of the engine should not alter 
that mixture. The adjusting screw M varies the tension on the 



PS*. US. Srlirl>l<*r CartiurpUr, Mixld "0“ 
Cturtrtif aj H'ArtSrr SrArMr". /n,/itiM 


spring 0, and by tliis means the amount (sf air valve A opening can 
l»e regulattsi. The throttle valve A*, works'd by the lever P, controls 
the aimmnt of the carbuit'ted air going to the engine. The flushing 
pin or tickler T, wheiupiished down. ko(>ps the float depressed and 
permits gasoline to flow through D into the mixing chamber C before 
starting, so as to insure the admission of an explosive mixture to the 
cylinder when starting up. 

This type of carbureter is used on constant<«peed engines, such 
as twtKycle marine engines, single- and two^yliiKleit two- and 
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four-cycle ferai engines, when^ extremely low throttling is not 
required. 

Schebler Model “L” Carbureter. The Schebler carbureter 
shown in Fig. 17 is used for autuniobile and other engines where low 
throttling and extremely variable spw^ds are requireil. In thN car¬ 
bureter independent adjustments of the gasoline fecnl for the idling, 
the half-open, and the full-open po>itu>ns of the throttle are pro¬ 
vided. The air passage K is in the form of a Venturi nozzle with 
the gasoline nozzle L located at the throat, thus insuring maximum 



velocity of the air and thorough oarburetion. For automobile 
engines; the auxiliary air valve I can })e provided with a dash con¬ 
trol, so that the amount of auxiliary air can be regulated from the 
seat to facilitate starting and to adju.st for atmospheric changes. 
The auxiliary air valve /, the gasoline needle valve B, and throttle 
lever screw F are adjusted at low speed, as in the case of Model 
The dials and screws D and E give the intermediate and 
high-speed adju.stments by raising or lowering the hei^t of the 
spring track G at the corresponding ilirottle-opening positions. 
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The needle valve H is thus raised more or less by tts roller H, which 
climlis the spnnit earn truck 0 as the throttle is opened. 

Schebler Model **R" Carbureter. The carbureter, shown in 
Fig. 18 is designed with an adju^tment for low spee<i As the speed 
of tife motor increases, the auxiliary air valve opens and raises the 
gasoline neixlle, thus automaticuily increasing the amount of fuel.’ 
This carbiiri’ter lias two adjustments—the low-speed needle adjust- 
nient. which is made by turning the air-valve cap A. and an adjust¬ 
ment on the uir-valve spring fur I'hanging its tension by means of 

the screw F. In this 
carbim’ter, as in the pre¬ 
vious type, the gasoline 
no/zle is located at the 
throat of aVenturi no^r.le. 

Holley Model 
Carbureter. The Hol¬ 
ley carbureter, Fig. 19, 
has some special fea¬ 
tures. In this carbureter 
the fuel enters the float 
chamber through a 
strainer disk A and a 
float valve B. under the 
action of the cork float 
C. It passes from the 
float cliamber I) into the 
nozzle well £ through a 
passage F. Itthenentera 
the nozzle G through the hole II, ami rises past the needle valve /, to 
a level whieh just submerges the lower end of a small tube J, which 
has its outlet at the eiige of the throttle disk. 

TkrutUing Detiet, Cranking the engine, with the throttle kept 
n^rly closed, causes a flow of air through the tube J and its throt¬ 
tling plug A’. But, as the lower end of this tube is submerged in fuel 
with the engine at rest, the act of cranking primes the motor. With 
the motor tuniing over under its own power, flow through the tube 
J takes place at high velocity, tlius causing the fuel entering the tube 
with the air to be thuroughly atoQiized up^n its exit from the mall 
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opening at the throttle etige. This tube’ is calliHl the “low-speed 
tube” because, for starting and for idle running, all of the fuel and 


most of tl»e air in the working 
mixture are taken through it. 

As the throttle o|H‘ning h 
increas(‘d, a eonsiderable volume 
of air moves ttirough the passage 
bounded by the {•oniral walls L 
of the so-ealh‘d strangling tube. 
In its passage into the straii- 
gling tube, the air assumes an 
annular, converging-stream form, 
and attains its liiglw'st velo<ify 
in the immediate neighlH>rliood 
of tlie npjKT end of the stand¬ 
pipe .U, on to the l)«Hly of 
the noKzle piece (!. The pressure 
in the air stream is cons<‘quently 
lowest at the same point, ami 
there is a pressure difference I>e- 
tween the top and bottom opi*n- 



ings of the pipe M, causing 
air to flow through it from 
bottom to top. 

With very small throt¬ 
tle opening, the action 
through the standpipe (air 
passing downward through 
the series of openings N in 
the standpipe supporting 
bridge) lieeps the nozzle cup 
cleaned out, the fuel passing 
directly from the needle 



opening into the entrance 


of the standpipe. Fi, 2 ® ii„„^ c«ri«i»«*r. M«fei "O" 

Holley Model “0“ Car- Caurtfw of UoOto Brolktft C«aip«Ay, DtlfoU, HichifM 


border. Themodeof operation of the carbureter shown in Fig.20is 
ideati<d with that of Fig. 19. Its cliief <liiTercnccs are structural ones. 
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From th(* Ooat (*hanih<*r the psoliiie pa'^ses through the portji 
£ to the nozzle orifire. whicli is (‘ontroHed hy the end of the i)(‘edle /*. 

The level is so s(‘t that the gus4>line line ri^s past the 
needle valve F and MiHi( ieiitly fills the eiip (• to submerge the lower 
end rtf the small tube II. Drilled passages in the easting connect 
the nppi'rend of this tula* with an (Mitlet at the edge of the throttla 
disk. 

Fuel issuing |>u.st the needle valve F is inuin'diately picked up 
by the mam air stream ut the (mint of the latter’s highest velocity, 



fir fl KiBfMoA rtrtMMw. FVwdiif Rtll Tyiv 
CmUmv 4/aynw. 


noiile on its way through the Venturi 


giving thorough atotniza* 
tiou of the furl. 

The lever L ojM*rutes 
the throttle in the mixture 
outlet, and a larger disk, 
with its lever N. is a spring- 
ri'tyrned strangler valve in 
the air Iiitaki*. for faeili- 
tuting starting inextreme- 
ly eold weather. 

Kingston Floating* 
Ball Carbureter. Theear- 
htireter shown in Fig. 21 
ililTers from that of Fig. 19, 
in that the fuel nozzle J 
forms a cup, from which 
the fuel is picket! up as 
the air pa.sses around the 
tulve, and white tlie air has 


its greatest vehnity. Another point of differenre is that aiyuliary 
air IS admitted to the carhurete*! air through ports tn the mixing 
chamber, which are covered by the bronze balls and which are 


opened by the suction of the engbe in ctiirect proportion as the 
engine speed varies, floating at high speetls. 


Kiftgston Model “Y** Carbureter. In tlie carbureter of Rg. 22 


the gasoline is evaporateil by causing the air stream to impinj^ 
sharply on a well of fuel, the pnvportions of the mixture being gov- 
enrnl automatically by causing the volume of fuel in this well to 


increase or diminish as the velocity pf the air stream b less or greater. 
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Air enters et the choke throttle end passes down and up through the 
U*shape<l mixing tube. Gasoline enters {rom the Boat chamher 
through an orifice in the bottom of the well controlled by the adjust¬ 
able needle valve. The normal gasoline level is slightly below the 
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top of this wen. At this point the air passage is constricted, thereby 
inenasing the velocity of the stream. As the motor speed iocreaaes, 
the voiuiae of fud in the well is graduslly diminished, thus preveot- 
ing the Intmatinii of an over-rich mixture. At the hlghwt ipeede 
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the well is wipe<l completely dry, and an ordinary spray takes its 
place. Some of the air udinittt'fl at the air inlet does not pass over 
the well, l»ut is hy-pjisscd tlinainU jK>rts ”C(»v<Ted hy bnmzc balls 
O-H in the previous carliuretcr—iiit«j tin- carlmrcted air. To .start, 
the cliAkc throttle is closed, and the in(Tcas<*d suction lifts the gaso* 
line out of the well, thus priming the 4-ngine. 

Stromberg Carbureters. The carbureters shown in Figs. 23,24, 
and 23 dilTer little in general details from those already descril)ed, 



the chief ditferenn'iH'ing that, instead of a nt'edle-valve^nlroiied 


spray nozzle. i\wy nnr e(iuit>[)('d with a nozzle of fixed opening, 
and the fml can l>e adjiistiHl only by rem^iving the nozzle and 


substituting another with a diherent opening. Ilte opening of the 


auxiliary air valve E is resisted by two springs. One of these, G, 
is not in tension when the valve iselosetl- in fa»1, there must always 


be at least A huh between the spring atwl the spring washer while 
the engine is running liglit. Only a single spring, tlierefore, Is 
emrating during the first part of thd opening of the valve while the 
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•ngine is running at low speed and the suction is low. When the 
ragine speeds up, however, the suction is increased, the valve open¬ 
ing a iiwreased, and the second spring comes into action and resists 
the further opening of the valve. By adjusting the tension on these 
springs the carbuntcrs will opcrote equally well throughout the 
range of speeil of the engine. In the enrhureter of Fig 24 the 
Venturi tut« is jacketed l,y the hot water from the engine jackets 
to assist m the vaporisation. Fig. 23 shows u single-nozzle car¬ 
bureter, whde the carbureters of Figs. 21 and 2,3 have double jets. 
The primary nozzle is the same as in Fig. 23, while the auxiliarv 
imzzle IS locatnl between the auxiliary air valve and the mixing 
chaml|er. In Fig. 24, the flow Iron, the auxiliary nozzle is regu- 
lattd by a ncclle valve, the amount of o|Kning la-ing determined . 
by the amount of opening of the auxiliarv air valve. In Fig ‘>5 the 
nozzle is a plain spray nozzle w ith a fix.sl o|H-ning. which, as the feed 
f»| by the suction, must he changed to adju.st the auxiliary 


Types tor Slow-Spced Stationary Engines 
Qctwral Characteristic,. The carhnn.ters generally used in the 
relatively large and slow-speed 
stationary engines are quite 
different from those practically 
ill univer,sal use in small high¬ 
speed automobile and motor- 
Imatengines. Inthelattercase, 
compactness, simplicity, and 
the absence of a gasoline pump 
(an appliance not easy to keep 
tight) are secured. The ume 
type of carbureter, howqver, is 
not well adapted to the sta¬ 
tionary engine, where larger 
volumes of carbureted air ate 
n. S. O S ^Iiiretl at longer intervals 

cifiuLtn/Kn M Cii, *™ill Volumes at 

short intervals. 

Naili Carburrter. The carbureter shown in Kg. 26 is a simple 

rigid cast-iron device, cylindrical in form, with a water jacket Tlie 
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puoUoe is pumped to the top of the oarbureter, falU over baffle 
pUtest and is partly vaparised. Air drawn through the car* 



rW-Sa of faU T«fflk ud CMii*tUw»*. CUruf OMcrfia* Faifi* 
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the suction side ot the gasoline pump and is returned later to Um 
carbureter. The water jacket has circulating through it aoiDC oC 
the heated jacket-w|ter from the cylinder. 
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■'T'’ VcrtirftI ICiisitM' 
Cnrlf$t/ a/ Fatrinnk’. Mor*t 
and Cvmpiinif, fAir-inw 


The spray methofl of (‘arbureting air is sometimes used in 
stationary engines, although the carbureter itself is usually of a some- 
what different ty|)c from the S<‘hc»»lor, Holley, Kingston and others 
which have been already '(les<rila‘d In detail on pages C5 to 
• 74. A typical arrangement is illustrated 

^ in Kigs. 27 and 28, which show the whole 

arningement of a gasoline plant and details 
0 “ of the fuel injector. The gasoline tank is 

^ burk'd below the floor level and outside the 

^ building, in order to re<hice the danger In 

case of fire or c.vpiosion, and also to prevent 
, the leakage of gasoline from the pipes when 

* the engine is not running. The gasoline is 

taken thnnigh a strainer near the Iwttom 
of the tank an<l through the suction pipe 
by the action of a gasoline pump, which is 
worked from the camshaft. It is then 
forced through the (‘ontrol valve . 1 . ami is sprayed into the air pipe 
0 through the jet (’ whenever tlie fuel-admission valve I) opens. 
A vertical hraneh of the discharge pipe from the gasoline pump has 
an overflow connecting with the tank. The pump always delivers 

more gasoline than is re¬ 
quired, the excess being 
returned to the tank 
through the overfiow 
pipe. This maintains a 
c'onstant pre^ureof the 
gasoline, depending only 
on the constant overfiow 
level. With a given open- 
inguf the control v^ve W. 
and a constant head on 
the gasoline, the amount 
of gasoline admitted etich 
time remains constant. 
Fahbanks-Morse Model Carbureter. Another carbureter, 
or vaporiser, which is used on stationary and portable farm engines, 
is shown in Figs. 29 and 30. The fucl—kerosenc, gasoline, napb- 



fig, SO. SMtidM «C r««biMa RM^rmir n« Fofr- 
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tha, or beo/.ine—ls supplied t<» the n‘serv<»ir by u pump» driven from 
the camshaft of the engine, and U inaintaim'd at a constant level 
in this reservoir by means of an <»verflow weir, whose disehari?e is 
piped to the fuel tank. The fuel fur/rio leading from the reservoir 
to the air-inlet ]>iia*, is alatve 
the level of the fuel in the reser¬ 
voir, so that the feeding is 
a<■( 1 lmpli^he<l by tlie snetlon of 
the engine, and there is no |M*s>i- 
l)lli(y of fuel flowing when the 
engine is shtit down. The o|M'n- 
ing of the n<»z/.le is hand-regn- 
late<l hy a needle valve, ami i' 
gtivornor-regulated hy the 
mixture valve on the discharge .si<le <»f the mtz/le to keep it correct 
throughout the range of hmd. 

Great care must be taken, by the use of suitable strainers, that 
jio solid foreign matter gets into the oil supply pi|>e; otherwise there 
is great liability to obstruction of the flow. A strainer for an auto¬ 
mobile engine is shown in Fig. 31. Owing to its more rapid explo¬ 
sion, and to the greater rulmess of the explosive charge, a ga.so!ine 
engine will develop more |)Qwer than a gas engine of the same size, 
even when the latter uses natural gas. 

VAPORIZERS 

Type for Denatured Alcohol 

Volatility and Fuel Value of Denatured Alcohol. The carbu¬ 
reters described in the precaling pages can he used only for the more 
volatile liquid fuels—liquid fuels with a low boiling point—such as 
gasoline, naphtha, benzine, etc. The less volatile liquid fuids— 
liquid fuels with a high boiling point—must be vaporized at a higher 
temperature by the a<ldition of heat before or during their mixture 
with air. Dcnatunxl alcohol is intermediate between gasoline and 
kerosene in its volatility. Tlic amount of vapor which it gives off 
to air that passes over it w ill generally Itc suffieieut to give an explo¬ 
sive mixture if the teni{)cratun‘s of the air and alcuhed are alx»ve 
70* F. With an ordinary' spray carl>ureter, a considerable excess of 
alcohol may be sent to the cylinder, as such carbureters act also aa 
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atomizers. If alcohol is supplied in considerable excess, there may 
still be good explosiotis, as the range of explosibility is very g>«at. 
Most of the ordinary ga.HoIine spray carbureters can be used for 
alcohol if the spray orifices are enlarged. 'Hie weight and volume 
of defiatured alcohol required to develop a given power in an engine, 
is considerably greater than the amount of gasoline for the same 
power; and therefore, if a gasoline engine is to be usetl with alcohol, 
the orifices in the carbureter or other spraying devices have to be 
enlarged so as to admit a greater volume of the liquid. Wood 
dlcohol cannot Imi usctl by itst'lf in a gas engine, as it corrodes the 
cylinder. 

Special Alcohol Vaporizer. .\ siH'cial vaporizer for alcohol is 
shown in Fig. 32. The hot exhaust gases cuter at tho Imttom, and 
a ct rtain pro|)ortion of them, as deter* 
mined by the regulating valve, rise to the 
top of the internal pii)e, ami then des<'end 
Wtween that pi|K* and the helical cast- 
iron vajwrizer. The alcohol is admitted 
near the bottom on the outside of the 
helix and, being vaporizeil by the heat, 
flows upward around the helix, escaping 
to the motor at the top in a highly supers 
lu'atcMl state. The su|ierheating prevents 
any confleiisation of the alcohol between 
the vaporizer and the cylinder. Air 
enters with the alcohol vapor as indi¬ 
cated. This vaporizer is of the boUing 
type, the rate of iHuting being determined 
by the volume of the exhaust gases ad- 
mitteil to tlie helix. 

Recent testa have demcuistrated that any ga.soline or ke'rosene 
migine can operate with alcohol w ithout any structural changes, and 
that about 1.S times as mucii alcohol as gasoline is required to 
develop the same power. Alcohol can be used with greater com¬ 
pression, 05 then is little danger of pre-ignition through too much 
compression, on account of its comparatively high ignition tempera¬ 
ture, and also because it is alwa}*s mixed with some water. An 
glcohol engine can be nude to givo somewhat higher power thim % 
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gasoline engine of the same size. It is not so sensitive to maladjust¬ 
ment of the explosive mixture; that ia» it will work with a great 
range of strength of mixture, and it does not airumulate a deposit of 
carbon inside the engine. A small engine of good tiesign should use 
about 1.15 pounds of alcohol per brake horsepower per hou7; of 
gasoline, 0.7 pound. 

Types for Kerosene and Heavier Fuels 

General Method of Vaporization. There are two ways of pre¬ 
paring heavier oils, such as kerosene, enidc’oil, or fuel oil, for com¬ 
bustion in an engine. (1) by pndiminary vaporization; (2) by spray¬ 
ing the liquid in an atomiz^nl condition into a cylinder containing 
compressed air in a high state of compre.'^sion apd at ahigh tempera¬ 
ture, as in the Diesel engine. If a vnp«»rizer is usc<l, it is heate<l either 
by exhaust gasis on the outsule, or by the explosion taking place 
w'ithin it. It requires always a preliminary heating before the 
engine can be startwl—unless the engine is started with gasoline— 
and consequently is not so quickly put in a(‘tion as a gasoline engine. 
The vaporization of the hca^’ier oil differs from that of gasoline in 
that it is not necessarily a process of carburotion. It is often a 
process of boiling, the mixing with the air required for combustion 
being subsequent to the vaporization. In other vaporizers the oil 
is dropped upon a hot plate at the desired rate, and it.s vapor is carried 
off by a current of air passing over the plate on its way to the engine. 

The principal difficulty with all the vaporizers of the Iiot-plate 
type is in keeping the temperature of the plate within tlie proper 
Umits. If the plate is too hot, the oil decomposes and leaves 
a deposit of carbon; if it is not hot enough, the vaporization is 
incom|dete. 

Vaporizers may be dassified as external and internal, accord¬ 
ing as the vaporization occurs outside the engine proper or inside 
some part of the combustion space. 

External Vaporizma. Kerosene is Munetimes broken up into 
a fine spray by a current of air, which may lie heated by the hot 
«ihaust gases before being carbureted, and is then sent to a vaporiser 
before beii^ admitted to the c>’Under. In the vaporizer the car¬ 
bureted air is rused to a high temperature, the heat of the exhaust 
pan beini; utilized for this purpose, and the kerosene is converted 
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Into a vapor. Unless the kerosene is compietely vaporized before 
admission to the cylinder, it is difficult to insure its complete com* 
bustion. Some of the liquid kerosene in the cylinder may decompose 
or break up into its elements as a result of the very high temperature 



Fi« TV»«ili of Vaporiirr «< CTiwIrf Oil Rnfii*'* 
ClHtrfny f'Aitrfir (,'»« i'agtnt Slrriii>0, tiliHPU 


to vhich it is subjected, ami carbon will then deposit itself on the 
piston and the walls of the elearainv s})aee as a harri coating. 

Charter IV/wrcrr for AVoMcne <imfIn 

Fig. lili a devk'e for the va|N»rization of kerosene ami distillates is 
shown. In this deviee the air is heated by being drawn through a 
drum suiTounding the exhaust manifold, and is drawn past the 
vaporiicr iioule. llie fuel in th^ reservoir is kept at a consUtii 
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level, wlucli is lower than the v aporizer nozzle, by means of an 
overflow weir, so that the spraying is otx'omptisheil by mentis of the 
suction of the engine. The nuxtiiri' pro]M>rtions nre rt'giilnted by a 
iiahd>ai}ju>'tc(l valve—seating against the cmi of the spray hole — 
the flat eiul of whicli, it is claiinetl, aids in bn'uklng up the fucHnto 
fine particles. Iinnu'diutcly alwvc the inlet valve is locaUti a nozzle 
for the injection of hot water from the engine jacket into the 
mixture, the amount of water iiiji'ction iK'ing regulatisl by a hand- 
operated valve. This water injection reduces the amount of carbon 
deposits in the engine and }>ermits of n higher compression being 
used without pre-ignition. 

Unless the vni>orization is jHTfcct U fore the combustion starts, 
the unvaporized fKirtiun of the oil is broken down by the heat and 
deposits carlxm in the engine. In valorizing, the heat should aiw'ays 



Kig. ■'ll. Fitrrnkl Vsiniitfr for C*ru4« (HI 

be high enough to vaporize all the oil, but never high enough to 
decompose it. If steam or water vapor is present during the com¬ 
bustion the heat may be kept low enough to prevent the decomposi¬ 
tion of the oil, due to the beat absorbed by the superheating and 
dis.Hociation of the water vapor into its elements, hydrogen and 
oxygen. These elements combine again when the temperature has 
fallen sufficiently during expansion to permit of it and give iMtck the 
heat absorbed. 

VaPorizerg for Crude OH. Another example of the extemd 
vaporizer is shown in Fig. 34, as used for California crude oil. The 
hot exhaust gases circulate outside the incUned*vaportzer; crude oil 
is admitted at the lower end, and the vapor is taken away from the 
same end. A rev*olving cleaner permits the removal, during opera¬ 
tion, of the accumulated deposit. 

In another vaporizer, fig. 35, the exhaust from the engine 
entering at A heats up a stationary drum and goat off through a 
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pip* S. The oil to be vaporieed is fed from a pipe F into the chan¬ 
nels or buckets of the rotatin); generating drum C. This drum is 
driven by the engine at a speed of about one-half revolution per 
minute. 

The drum C is heated by radiation from the stationary drum 
and rotates so as to carry the fresh oil on to and over the top of the 
drum, where the more volatile parts are driven off. The vapors 
pass around the central exhaust pipe It, and arc sujjerheated by it 
on their way to the engine through the pipe 1). The air required 
for combustion enters at K, and is heated and mixed with the vapors. 
The unvaporixtsl part of the oil drops, ns the lirum rotates, into the 



reservoir at the ba.se of the vaporizer, and is automatically drained. 
With this kind of vaporizer there is little chance of decomposition 
of the oil by reason of high temperatures; on the other hand, a con- 
.siderable proportion of a crude oil w ill go off unused. 

Internal Vaporizers. FoirtMnkt-MmtKtroune Atomian. The 
internal vaporizer is always a part of the combustion spare of the 
engine. The device shown in Fig. 36 is a kerosene atomizer used 
in connection with two-cycle marine engines, and is attached to the 
by-paaa leading from the crankcase to the inlet port of the cylinder. 
A float chamber is attached to the by-p*.is at its head, with a noisle 
tip entering the by-pass at £. The by-pass .4 is so shaped as to give 
the effect of a nossle with its smallest area at B, so that the vdocitjr 
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of the air passing from the crankcase to the eomlnistion ehaihber 
is a maximum at that point, lliis increase in velocity causes a 


decrease in the pressure of the air at B 
as compared with the air at This 
difference in pressure is used for inject¬ 
ing the fuel. At the point K there is a 
passage between the upper part of the 
float chamber and the whicli 

8er\'es to keep the air pressure in the float 
chamber the same as that at ^Yhen 
air is going from the cninkcast* to the 
eyiinder, the pressure in the flout eham- 
l)er is greater than at B and is sufficient 



to forw a jet of fuel tlirougli the nozzle E. ^ 

The in>zzle is placed at right angles to the 

tuinishing air. so that the fuel is broken up oratomiziHl, entering the 


combustion chamber as a fine spray. The mixture strikes a hot baffle 


on the piston and is there vaporizeil. The must common iiitemil 






/c) 


Fiy. 3<, M«tbodi (or Sminoc Mitlvr* of Vapor ud Air 


vaporiier b that shown in Fig. 37Ha. A combustion chamber or vapw- 
ber U attadied to the md of Um cylinder, and communicates with it 
through a narrow neck. The outer part of the vaporizer b unjack* 
eted, and consequently b at a good red heat by the successive 



84 


GAS AND OIL ENGINES 

c 

6xplosionji. The engine follows the usual four-stroke cycle. Dur¬ 
ing the admission stroke, air alone is atlmitted to the cylinder* while 
oil is injis’tcd into the vaixm/er and is vaporized there. During tlie 
return stn)ke, the air is eoin|)r<‘SMsl into the vaporizer, mixes with 
the <M vapor, and f<»rmH an explosive mixture wliieh is ignited by 
the combined cfTect of the heat due to eonipix^ssion and the hot 
walls of the combustion cluunlHT. The proportions of the com¬ 
bustion ehaml)er are di^igiu'd so that the explosion does not occur 
until near the en<l of the compression stroke. The fuel supply is 
regulati'd by the governor, which (Hiiitritts a hy-pass permitting part 
of the disclmrg<^ from tlie pump to return to the siiKion side. Before 
.stahiiig the engine, the comhustiun chamber must be raised to a 
bright red heat hy an external heater; but, after starting, it is main¬ 
tained in that condition by tbe explosions. The engine is of great 
simplicity, since it disiK'iises with lM)(h igniter and mixing valve. 
The combustion chnml)er l>e('omes mited with a dep«)sit of carbon, 
resulting from the hreak-np of the oil at the high temperature. 

Vaporizer for l'.*e on Reijuhr Gaitoliiie Engine** An arrange¬ 
ment t'omimnily usi'd hy gasolinc-H'iiginc manufa<‘turers to adapt 
their engiiu'.H to the utilization of heavier hydrocarlmiis is shown in 
Fig. 37-b. The vaporizer chamher is providt'd with a jacket space 
through which the exhaust gasi^s pass, thus heating the vaporizer 
externally. A chnid of ftud vapor is producinl hy dropping the 
liquid fuel on the heated surfaces of the baffle plates inside tlie 
vaporizer. Free air enters this vaporizer on the suction stroke of 
the piston and. in passing over the haifle plates, liet omes heated and 
at the same time ahsorl)s the oil vapors. The mixture thus formed 
anti pre-heatni tlien enters the cylinder and, at the end" of the com- 
preasion stroke, i.H ignitetl by an electric igniter. 

In Figi 37-c the fuel oil U mixed with and broken up by a stream 
of eQinpres.sed air of from 8 to 2o pounds pressure above atmosphere, 
so that it enters the vaporizer chamWr in tlie form of finely divided 
spray and is immediately vaporizetl due to the heat applied 
externally by the exhaust gases. The bulk of air, being aspirated 
during the suction stroke, then mixes with the fuel vapor and becomes 
pre-heated, thus forming the explosive dia^. Compression and 
ignition are the same as in Fig. 37-b. 


•B. K MtU. Ovuibtr. ISlt. 



GAS AND on. ENGINES S5 

MUiz and Weits Vaporizer. Anot!>cr form of internal vaporizer 
for use with any of the heavier oils is shown in Fig. 38, It is applied 
to a two^yele engine, and lius the further iK'culiurity that the water 
in the jacket is pernnttisl to boil, tlie steam that is formed Wing 
taken in with the charge. The oil is taken from the iS’servoir A 
and pmnpeil tlin>ngh t!»e pijM* 7/ «>n t«) the pn»j<“eting lip of the hot 
bulb C during the eompressum stroke. The hulh is heated to a 
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dull red heat by the kerosene burner D l)eforc starting up, and is 
iDaintaincd at tlmt temperature by the'explosions w hen the engine 
is running. The cylinder head is not jacketc*d. The amount of oil 
deUvered is regulated by the governor. The air being compressetl 
enters the hot bulb C, earrjing with it some of tlie \ apor of the oil 
that has fallen on the projecting lip; and wear the eiul of the com- 
l^ession stroke the pressure and temperature comlitlons in the vap<M^ 
iter will cause ignition and explosion. The presence of the steam 
leduces the exjdosion pressure and permits a higher compressioii* 
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The combustion in An engine of this kind cannot be as complete 
as in the type where a thorough mixture of the fuel and air can be 
brought about. Some of the air admitted will remmn inactive, as 
it not get near the oil. Consequently such engines are compara¬ 
tively large for the power they develop. 

Drawbacks in Use of Vaporizers. While oil engines with 
internal or external vuiiorirxTS are quite simple and low in firat cost, 
their method of vaporization is rntlier crude and has been found in 
actual use to be open to objections which arc the cause of a common 
prejudice against such engines. The chief drawback to alt these 
vaporizers is the practical im|M)ssibility of vaporizing the fuel com¬ 
pletely at oil iouds and under all conditions and of maintaining 
the cbainber at a tcmiK^mture which is always sufficiently high 
to vaporize all of the oil, but, on the other hand, is never hot enough 
to decom|M)sc it. Moreover, the combustion is often inc'omplete, 
and the eflicieiwy low. This manifests itself by tlie objectionable 
smoke and odor of the exhaust gases. In onlcr to obtain certainty 
of ignition in engines with internal vaporizers, and at the .same 
time prevent pre-ignitions at difTercnt loads, the tenipereture 
of the vaporizer should vary with the load, wiiich is found to be a 
practical impossibility. Tlic pre-heating of the mixture, as required 
for engines with external vaiMrizers, decreases the weight of the air 
Aspirated, and therefore t]\c capacity of the engine, while the throt¬ 
tling of the air in passing through the vaporizer chamber and pas¬ 
ses, as well as the high imek pressure due to tlie exhaust gases pass¬ 
ing through the jacket space of the vaporizers, decreases the power 
output of such engines still more. The necessity of first heating the 
vaporizer externally by means of a lamp before the engine can be 
started is rather inconvenient, as it takes at least from five to ten 
minutes. The fuel consumption of these engines averages, about 1 
pound of oil )>er b.h.p. hour, corresponding to a thermal efficiency of 
not over 15 per cent and never exceeds 20 per cent, corresponding to 
a consumption of | pound per b.h.p. hour. 

atomizers* 

Dietel Methods Qtve Improved VaporIzaiioR. The Dies^type 
mgine overcomes practically all of tliese difficulties in the use at 
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liquid fuel, whether heavy or light, and partirularly in the raae of 
the heaviest liquid fuels. In this type, fuel is not admitted to the 
combustion space until the charge, which consists of air only, is 
compressed to a pressure of about 500 pounds, with a tesultinf^ tem¬ 
perature which is sufficient to ignite any liquid fuel injected into it. 
Fuel is gradually injected, at the end of the compression stroke, by 
means of a cooled air blast which is at a pressure of 250 to 600 
pounds above compression pressure in the cj linder. This high- 
pressure air blast, with prt)pcr form of the atomizer and injection 
nozzle, completely atomizes the fuel during the injection perM and 

carriesitssmall pa rticlcsdirc<tlyintothe highly compressed and heated 

air in the cylinder, where they are at once vaporized and ignited. 

The heavier the fuel usetl, the more finely must it be atomized 
in injecting it into the compressed charge, in order to insure com¬ 
plete vaporization and ignition. If the heavier oils are injected in 
large particles, only the surfare of the |)article will be burned, while 
the center will be converted by the heat of combustion into a pitchy 
substance, w hich will Iw dcpositerl on the cylinder walls and valves. 
Since, with a propr-rly designed atomizer, the oil particles are com¬ 
pletely burned imnwsliately after their mixture with air, there is 
no possibility of dcpicsits forming on the cj linder walls, and com¬ 
bustion is so complete that the cxliaust is smokeless and without odor. 

lifflmney. Numerous tests of different sizes of this type of 
engine show an average fuel consumption of less than J pound of 
oil per b.h.p. hour, rorresponding to a thermal efficiency of about 30 
per cent. 

Classification of Atomizers. While the oil is in all eases 
atomized by the action of the injection air in forcing it through the 
injection nozzle, this result is accomplished in two different kinds of 
apparatus—the etoxd injection nozz/e and the open injection nozzle. 
When the closed injection nozzle is used, special atomizers or dis¬ 
tributors are {daced in front of it in order to distribute the ml prop¬ 
erly and to direct the injection air so as to facilitate complete atom¬ 
isation. In the open injection nozzle no .special atomizer is used, 
the atomization being secured entirety by means of the action of 
the injection air on the oil in its jjassage through the nozzle. The 
doaed bjection nozzle was the type used on the original IMesei 
engine, and is the type almost exclusively used b tUs countiy. 



88 GAS AND OIL ENGINES 

The open injeetwm ikjzzIc han Ijcen developetl in Germany during 
the last five or six years, especially for horizontal engines. 

Ctoftcd Injection Nozzles. liuin-h-Snhi'r AUmizer. The atom¬ 
izer shown in sectional v»*w in Fig. ill) is arninged Iiorizoiitally on 
the side of the <nmhu''tion ehumher. Owing to this horizontal posi¬ 
tion, particular cure nm>t Iw taken to <listrilnite t^^c oil e<|ually 
around the circumfcrciu tf «)f the ijjjcction valve, otherwise the fuel 
oil will (low to the lower part of tin? unnnlar space a<ljoining the 
atomizer ainl, when the inje< tion valve oimmis, the inje« tion air will 
rush into the cylinder through the upjMT attunizer openings, whic'h 
are not covered hy the oil. 'Phis eoiiditiou obtains particularly at 



Flic. 39. Hrftinn •>! Alomiirr wf Hiiwh-Suli'.r Bmthrn Di'wl CnfiM 
C'»«rlMy b/ Saimran AoriWit «/ Mnhtmtrul Enti^rtrt 


liglit loads, when the amount of oil sent to the atomizer hy the fuel 
pump is reduced. Tins condition is unfavorable to goo<l o))erating 
results and economy, as the fuel is not properly atomized, and the 
combustion may he checked by the blast of relatively cedd injection 
aifj which is unai't'ompaniecl hy particles of fuel oil. 

In the atomizer of Fig. 30, oil and injection air come leather 
in space s, the oil entering along passage e, and annular ring space 
f, through a ring of holes A. As the injectiiiu valve n opens, air 
and oil, tlivideti into small streams hy a circle of holes p, are forced 
into the injection nozzle m, where these streanu impinge upon each 
other, atomizing the fuel. 
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FidUm^Tofi Ahmizrr. Thf aiomm^r shown in Fig, 40 is used* 
on one of the newer American Diesel engines, and is also typical of 
those usc<l on Euroix'nn engines. A series of plates b, afTange<l just 
Ik'Iow spare .t arouml the injixtion valve guide g, are provided with 
small holes in such a way that they straddle each other fn>m pUtc 
to plate. Tlu^se plates help to retain the oil after having been 
de|)osite<l in space a, while the holes will distribute it equally and 


mechanically divide the 
blast of injection air into 
small stn'ams, thus disinte¬ 
grating the fuel pUNsliig 
<lown through them. Hy 
means of passages p ar¬ 
ranged in the cirruinfcr- 
ence of plug I, these 
.streams ar*' ^lircctctl itito 
the injection nozzle m, 
where they ocYitiirc their 
maximum velocity. The 
resistance of the oil against 
the abrupt acceleration 
thus produced causes the 
oil to l>c disintegrated into 
small particles, which are 
carried directly into the 
l)ody of highly heated air 
in the combustion cham¬ 
ber. This atomizer is gen¬ 



erally placed verticallv in ^ Atonai^r»(Kuiti>n>ToM niowi Eocim 
, . * Cmtrtttit »/Amenmt, Soruiy o/ Mnhaittml grnginm* 

the center of the cylin¬ 
der head, and thus, even at low loails, the at(»mization is perfect. 

De La Vergne Type “Fir AUmizer. Fig. 41 shows constroo 
tional details of the injection \*alvc and atomizer used on a hori¬ 


zontal modified Diesel engine. Oil and injection air come toother 
in annular space a, formnl between the injection valve guide g and 
cage a. As the injection valve n opens, oil and air pryxved along 
the outside of guule g, and arc forced to pass through a series of cham¬ 
bers Gozmected by a system gf fine diagonal channels d, on the 







Fig. 41. T^iw "FH" Atomiier (or Do Lo V«rgm Oil Eoiioo 
C««r(c«y «/ <4 nuncon Sort«fo <>/ .V«(4ai»««ol Xogiotor* 


cooling of the cnge may be accomplUhed cither by watcr-jaclwting 
the cage itself or by locating it in a well-ctMiled portion of the cylin¬ 
der or cylinder-head casting. 

The points of opening and of closing the injection valve remain 
unchangca at all loa<U, i.o., the length of the period the injection 
valve is open U constant.unless the lift can be varied by hand, as is 
the case in some engines. Within this period a variable quiditity of 
fuel; according to the load, is injected. To accomfdish this most 
sa^actorily, it is usual to increase the pressure of the injection air 
with increasing loads on the engine, i.e., with increasing amounts of 
fuel to be injected. Diesel-engine manufacturers recommend a 
pressure increase of about 250 pounds from light to maximum load. 
Hie compression in the engine cylinder is constant at all loads, so 
th*t the resistance to injection Is constant, but the amount of fodl 
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TABtt XII 

VarUtion of Injtction Air PraMurcs with Varying Loadi (H. R. RrU) 



iNIBCnOM.AtB 

ta. 

InJRCTION'AiB COMnMWM 

i.li.p. 

I'ar C»Bt KactM^ioad 

300 

950 

19.3 


250 

805 

18 3 


1H5 

8.30 

18 4 


145 

790 

19 0 

HUH 


which must be accelerated and atomize<i by tiie injection air varies 
with the load. If the injeetion-4iir pn'ssnre is too high at light 
toads, the relatively cool injection air may chill the hot compressed 
charge before any of the oil is vaporized and ignited, and thusJower 
the temperature of the charge and endanger the certainty of igni¬ 
tion, sometimes to the extent of a complete “miss’', or causing incom¬ 
plete combustion. To insure certain ignition, oil partic'ics must be 
injected with the first particles of injection air, and these must be 
vaporized and ignited before enough cold injection air enters riie 
combustion chamber to cool the air there materially. With very 
heavy oils, such as coal-tar oils, ignition may be insured by injecting 
first a very small charge of a lighter or “ignition” oil, immediately 
followed by a charge of the heavier oil. The variation of injection- 
air pressures with varying loads on a 4-cylinder 250-horsepower 
engine is given in Table XIX, which also shows the indicated com¬ 
pressor work. So arrangements have so far been made on station¬ 
ary engmes to vary automatically the pressure of the injecUon air 
according to load variations; thb must be done by hand, at the 
judgment of the engine operator. 

Improved Injection Arrangemeni on Sidmlkt IHeed £ngina. In 
a modification of the Diesel engine recently brought out in France and 
known as the Sabath6 motor, there is an attempt to eUminate the 
inconvenient requirement of variable injection-air pressures with 
varying loads. Its fundamental features are identical with those of 
the Diesd en^c, with the exception that not only the delivery of 
<nI« but also the lift of the injection valve n, are varied by the gover- 
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hor according to the load on the engine. Constructional details of 
the injection valve and nozzle are shown in Fig. 42. In addition to 
the injection valve n, a second valve v, sliding on n and ordinarily 
held down on its scat by spring I, is provided. This valve t is lifted 
by c(dlar r on the injertion valve stem when the lift of the latter is 
sufficient. On light loads only enough oil is delivered by the oil 



Tif Atomiicr of £Ibc><u« 

CoiirtMV »/ A «•«»< no StKirtv «/ Ar<cA)n««( Bntinurt 

pump to 611 the chamlM'r e underneath the valve v. This is blown 
into the cylinders when the needle vahe n lifts, the injectlbn air 
passing down groove p in the needle valve stem. On heavier loads 
the amount of fuel delivered by the pump Elis the chamber e, and 
overflows into space s, the oil contained in the chamber e being 
injected first and followcsl by that contained in space s. The pres> 
sure of the injection air is mmntained at 800 pounds. 

Open Injection Nozzle. Ihe modified Diesel, or **open" injec> 
tion nozzle, was developed to simplify the apparatus. With thU 
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nozzle, nil is delivered to the spsce », Fiff. 43, when the piston begiiu 
its compression stroke, i.e., when the pressure* in the engine cylinder 
and in the space a is low. The oil hits to lie in spmr a throiifthout 
the compression stroke in (xnitact with surfaix's and air which attain 
high tem|H‘raturcs. This may result in partial cva{M»ration hf the 
fuel and premature ignition, if the fuel contains <s>in|>oneiits of low 
volatility, and also in the formation of deposits. 

('onstriu'tion details of a typical injei tion nozzle and air>admis» 
sion valve arc shown in Fig. 43. No atomizer is nse<l, tlie oil being 
blown directly from the space a through the injection nozzle m into 
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the cylinder. The air-admission valve n is operated by a push 
rod f, provided with a valve v on its inner end, which prevents any 
leakage along the rod r, except during the very short intervid when 
the air-admission valve is open. No stuffing box, such as is used on 
the injection valves n of tlic original Diesel engine, Figs. 39 and 
40, is necessary. At heavy pressures, the valves may be easily pre¬ 
vented* from closing properly by excessive tightening of the glands, 
thus causing loss of injection air and even premature ignitions. 

Air of approximately the same pressure as injection air is used 
for starting Diesel engines. The injection nozzle and the starting 
device are combined in Fig. 43 in a compact and simple arrangement. 
By opening the by-pass valve y, communication to the cylinder is 
established through the passage p, bs well as through the open 
injection noule m, and enough air is admitted to start the engine* 
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MODERN INTERNAL COMBUSTION ENGINES 

CItssiftcatlon. ^Vith the improvement of design and reliahility 
of internal’K.'omhustion engines there has come an astonishing 
increase in the breadth of the classification of these types. •Vnits 
4if a size hitherto untried have been designed and i)erfect«l. The 
development of the Diesel types has also had its effect pjirticularly 
ill th<' HeM of marine enginei'ring. Again the sm^Il units for farm 
iiM’ have multiplied enormously, and yet always with a steady 
increase in efficieiny and reliability. Modern internal-e<»mbustion 
engines may lie divided broadly into throe general classes: the Otto» 
cycle gas engine; the low-pressure oil engine; and the Diesel or con- 
stanl-pressiire combustion engine. 

OWh-f'f/rle Enffinr. The Otto-cyele gas engine is further 
divid^l into three general classes: 

(1) MiHlerate-Power Stationary P'ngines. Thes*- are ga» 
engines for stationary purposes, of all jaiwers up to ahout 21)11 Imrse- 
imwer in a single cylinder. These engines are characterized by longer 
strokes and moderate sjieeds, by greater weight, and by the use of a 
governor- They show an extraordinary variety in form and arrange¬ 
ment. although, like the high-speed engines, they are practically 
always single-acting. They are also made to use any of the liquid or 
gaseous fuels. The ignition is usually by electric spark, though 
randy of the jump-spark type. 

(2) I^rge Gas P'ngines. The large ga.s engine class includes 
nil engines which are capable of developing 250 horM'power and 
over in a single cylinder. These engines are the latest developments 
in gas-engine practue. They arc horizontal, double-acting, and 
have water-cooled pistons and rods. They use the low-tension 
electric ignition system. The fuel most commonly used in them 
is blasMumace gas, though producer gas, coke-oven gas, and natural 
gas are sometimes used. 

(3) Pligh-Speed P'ngines. These are employed principally in 
automobiles and motorlioats, developing generally not more than 
1.5 horsepower in a single cylinder. They are usually vertical and 
multicylinder, using gasoline as fuel ami having jump-spark ignition. 
This highly specialized type haa had an enormous development in 
the past few years, and has practically reached a standard form and 
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proportions. It is of extreme lightness and compactness, runs at high 
speeds, and has no governor. 

The term “gas engine”, as here usc<l, does not necessarily sigtiify 
that the fuel used is a gas in its original form, hut that it is a gas when 
introduced Into the cylinder, l.e., any of the fuel gases or the vapor 
from the more volatile liquid fuels—gasoline, naphtha, benzine, or 
denatured ak^ohol -which have Iwen vaporized or gasified in an 
apparatus outside of the engine proper. 

tMU'-Prr.mtre Oil Engint, Ix»w-pressure oil engines may he 
suMivided in the same manner as gas engine.s. In this class are 
included all »*ngines hiirning a liquid fuel at constarit volume which 
do not fall into the first class. S<jmc of the engines <lcsignatcd as 
low-prt^ssim' oil engines might he regarded as gas engines, since the 
fuel is trcateil in an external vaporiwr; bnt the vaporization whi<'h 
takes phu'C outside the cylinder is only partial, the process l)cing 
cqmpicteil within the cylimler itself. 

OTTO-CYCLE OAS ENGINES 
MODIFICATIONS OF OTTO CYCLE 
Increasing the Compression. As the cffieiency of the Otto 
cycle has boei» simwn to <lejM'nd on the amount <»f compression, the 
obvious way of increasing the eificieney is to (h'crense the clearance 
and thereby raise the compression pressure. The amount of com¬ 
pression that can l>e used is limhetl in two way.s. The first is that it is 
not conmuTcially practicable to construct engines which will work 
properly under very high pressures rapidly imposed by explosion. 
With an engine e«>mpressing the charge to 100 pounds pre.ssiire and 
using a strong explosive mixture, the pressure in the cylinder rises 
suddenly to alKUit .LVl pounds; and at present this is al>out the practi¬ 
cable limit. If the explosive mixture U weak, the compressioa may 
W wcTcaseA. X (x>m\itess\oi\ a-s Vv\^\v as. iClft \w\hvA% Vs 
useh wi{h very weak mixture and results in a maximum pressure of 
about ^kX) pounds. 

The second objection to the use of high compression Is that the 
rise in the temperature of the mixture resulting from the compression 
may easily be .sufficient to exphxlc the mixture before the piston has 
reached the end of its stroke. Such pre-ignition of the charge, tend- 
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ing to forc« the piston back, gives rise to a great siiock, which U very 
destructive to the engine, reduces its effieienc^y, and is to be avoided. 

Pre-ignition may occur even when low compression exists if any 
paK of the clearance is not water-jacketetl, if tht^re is any metallic 
projection into the clearance space, or if there is a gas pocket, 
rnjacketed parts or projections, not being pro|>erly r<»olc<l, arc liable 
to be raise<l to a temperature high enough to caust* the ignition of the 
charge. This necessitates water-jacketing of the exhaust valve and of 
the piston in engines of large size. Gas pockets, espet'ialiy w'hen of 
considerable length and small diameter, give trouble because tlK 
combustion in them is slow as a result of the cliaracter of the mixture 
they contain. The buriu'd gases with which such a pocket is filled at 
the beginning of the compression stroke are only slightly mixed with 
the fresh charge. During compressum, the fresh charge is forced into 
the open end of the pocket; but there is still no satisfactory mixture 
with the buriHHl gases. When explosion takes place the pocket will 
contain stratified gases, ranging from a strong mixture at the open 
end to inert hurned gases at the other end. As the combustion 
progres.s«‘s from the open end, it cnwmntcrs a mixture which becomes 
continuously weaker and .slower burning. The result may be that 
the combustion is still going on in the pocket after the admission 
even after the compression of the next cycle has started. TTic fresh 
mixture may meet the flame and he ignited, either during the suction 
stroke, when it causes a back-fire, or during the eompresHton stroke, 
when it causes a pre-ignition. 

Scavenging. Another method of increasing the efficiency a by 
what is known as "scavenging'' tlie cylinder. In the ordinary Otto 
cycle the charge compressed consi.sts of a mixture of fresh air and gas 
with the burned ga.ses remaining in the cicarant'e space from the 
prev'ii^us cycle. If these burned gases are expelleil from the cylinder 
by a charge of fresh air before the admission of the explosive chaige, 
the force of the explosion and the efficiency are increased. Hie 
clearing out or scavenging of the cylinder with fresh air has been 
accomplished in several ways. The simplest method is by the use 
of an exhaust pipe of such length that the gases, exhausting from the 
cylinder with great velocity, create a vacuum in the cylinder near the 
end of the exhaust stroke. This vacuum causes the automatic aif^ 
admission vidve to open; and the consequent rush of air from the 
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air valve to the exhauHt port flushes out the cylinder, especially if the 
air and exhaust valve are on opposite sides of the clearance space. 
It is, however, impossible to predict with certainty the occurrence 
of this vacuum. se\’eral manufacturers having tried without success 
to utilize this accidental phenomenon. Occasional scavenging is 
obtained in engines governing on the liit-and-miss principle, each idle 
cycle flushing out the cylinder, with the result that the succeeding 
explosion is of greater force than the normal explosion. Scavenging 
has also been accompli.shed by the injection of a blast of high* 
pressure scavenging air previous to the op<uung of the inlet valve. 

Compounding. It has btnm pointed out already that the pres* 
sure is high at the end of the expansion in the Otto cycle, and that the 
efficiency of the cycle can be increased considerably if the gas is 
expaiuhxl more completely. Ordinary steam-engine practice suggests 
that the more complete expansion can l>e obtained by compounding: 
but so far no attempts to make a satisfactory compound gas engine 
have proved suc'cessful. The practical method of obtaining more 
complete expansion is to take into the cylinder a diminished charge. 
The two methods of accomplishing this are discussed elsewhere. The 
only fundamental difference between engines using these two methods 
is that in one case the governor controls the amount of the opening 
the admi^ion valve, and in the other determines the instant at 
which the admission valve shall close. 

Double-Acting. One of the main objections ur^ against the 
Otto cycle is that it requires two revolutions of the engine for its 
('ompletiun. so that the expansion oi motive stroke comes but once 
in four strokes. A very irregular dri^’i^g effort results from tins, 
making targe fl^'wheeis necessary if the main shaft is to rotate 
uniformly, or else requiring the use of several engines working on the 
same aliaft. The motive efforts can be made twice as frequently tf 
the cylinder is double-acting, with admissions and explosions occur¬ 
ring on l>oth sides of the piston. Many largtMuigincsare now being 
made double-acting; but the practical troubles in keeping the piston, 
piston rod,Cylinder, aitd stuffing box cool enough for satisfactory 
workiiqt have prevented the use of <louble-arting cylinders in engines 
of small size. 

Two-Cycle Engines. Action of CycU. An increased frequency 
of the expulsion or motive stroke din be obtained by a slight "WMft - 
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fication of the Otto cycle, which results in the cycle Win* completed 
in two stfokes, «id which is consequently called the two<ycle 
method. Single-acting engines using the two-cycle methinl give an 
impulse every revolution, and tl)us not only give greater unifqrmity 
o( speed of rotation to the crankshaft, but also develop fid to 80 per 
cent more power than foiir-cycle or Ottcwycle engines of the same 



size. Moreover, they are generally of great simplicity, having fewer 
valves than the four-cycle engines. An example is slntwn in Figs. 44 
and 45, of a two-cycle engine of small size an<l of the iigo-fnrt t.vpe. 
Fig. 44 is a vertical section, showing the piston at the bottom of its 
stroke, and Fig. 45 is a vertical section in a plane at right angles to 
the previous section plane and shows the piston at the top of its 
stroW. As the trunk piston A makes its upward stroke, it creates a 
partial vacuum below it in the closed crank chamber C, and draws in 
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the exploitive charge through B. On the downward stroke, the charge 
Mow the piston is compressed to about 10 pounds pressure in thq 
crank chamber (', the admission through B b*nng controlled by ap 
automatic valve (not shown) which closes when the pressure in 0 
exceerls the atmosplienc pressure. When the piston reaches the 
lower end of its stroke, it uncovers exhaust port K, and at the same 
time brings admission {xirt I), in the piston opposite the by>pas 3 
opening EEt', ainl permits tlie compressed charge to enter thq 
cylinder 0, through the automatic admission valve / as soon as thq 
pressure in the cylinder fulls below that of the compressed chaise. 
The return of the piston shuts of? the admission through E, and the 
exhaust through K, and compresses the charge into the clearance 
space. The charge is then cxplotlcd, Fig 45, and the piston makc^ 
its dovni, or motive, stroke. Near the cinl of the down stroke, after 
the opening of the exhaust port K, the admission of the charge at 
the top of the cylinder sweeps the burned gases out, the complete 
escape being facilitated by the oblique form, Fig. 44, of the top of 
the piston. The engine is so designed that the piston on its return 
stroke covers the exhaust port A' just in time to prevent the escape 
of any of the entering charge. The processes dcscrilied above and 
below the piston are simnitaiicous, the upstroke being act'ompanied 
by th( admission below the piston and compression above it, while 
the down stroke has expansion alxivc the piston and a slight com* 
pression below it. The very short interval of time between the 
beginning of the exhaust and the admission of the new charge-* 
which enters as soon as the pressure in the cylinder lias fallen enough 
to permit the admission valve to opcn-*ronkes premature ignition 
of the charge, or “back-firing”, of not infrequent occurrence. If 
the mixture is weak, or tlie spml is very high, so that the charge is 
still burning when admission begins, or if the frequency of the explo- 
^ons brings any part of the cylinder to a rtnl heat, the charge will 
be ignited oii entering, and the explosion w ill then travel buck through 
EEEU> the crankcase, which has to be made strung enough to resist 
it. In large engines the charge is cumprcssetl by a separate pump, 
and not in the crankcase. 

Siri{;/i'-ra/iy tyiv. A modification of the two-cycle engine 
makes the con>tru4'tion even more simple, so that the only valve on 
the engine is the automatic valve admitting the charge to the crank* 
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case. In this enifiiHf, Fig. 40, the wriea <»f opt^rations \n preciJiely 
?4iiular to that just descrilwd. The only (liflen‘iu-e is in tiie by>pass 
rotmection E, which has no vaU’c between it anil the ryUiuler. The 
exhaust is made to 0 {K‘n a little earlier than the admission, in 
order to make sure that tlie pressure in the cylinder shall have fallen 
below the pressure of the slightly eomprt‘sscd charge when the admis* 
sion port o]yem. If the 
opening of the exhaust and 
ailmission ports were sim* 
uitaneuus, as in the engine 
just descrilietl, some of the 
exhaust gustos would force 
their way through K to 
the crankcase, igniting the 
charge there. I'he piston 
is so shapetl tliat the en¬ 
tering charge is directed 
to the top of the cylinder, 
foiling out the burned 
gases before any of the 
charge can escape through 
the exhaust port. 

RingU Rentiring-Disk 
Volte Type. In plai'o of 
the automatic inlet valve 
at Bt A revolving-disk 
valve b sometimes used, 
whidi turns with the crank 
and contains a slot that i of Smolky Two-Cyrl* 

registers with the crank- •.«hiuv.iv.b.,*«nB>-i*«..ojey«ode» 

case inlet during part or all of the upstroke of the piston. The disk 
b pressed against its scat by a light spring. This arrangement makes 
the admission of the charge to the crankcase positive and permits 
of adjustment of the duration of admission, and consequently of the 
volume admitted. It sacrifices, however, the reversibilKy of the 
ei^ne. 

VaJulese Type. A further and last modification of this engine 
makes it entirely valveless and of the utmost simplicity. It b illua* 
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trut<‘<l in I'i^- ‘17. Thu admission of tlie charge is through the port B, 
whu h is covuml and uncovurmi by the piston, and which conse- 
(|uuntiy does not n^titiire any automatic valve. During the upstroke 
of the piston, a vacuum is cruafud in the closed crankcase, t*!! near the 
lop <?r its stroke, M-heti tlie a<hnission p()rt II is uncovered and the 
explosive 4'harge rushes into the crankcase, (illing it iinlil the pre&sure 
there is approxiiimtely atmospheric pressure. The other o|)erations 
are exactly as in the engine prevmusly described, the charge being 
eompresstsi in the crunk easing during the <lown stroke, and then 
transferred through i)ort D in the hollow piston, and through 
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port E in the cylinder wall, to the upper side of the piston, when it 
is near the end of its down strike. This moilifieation is generally 
known as the "tlmT-iawt type of the twoKwele motor". 

The power of a small two-cyele engine can be varie<l by throt- 
tling—that i.s, by varying the amount of the charge taken into the 
cylinder, lliis is aeiH>inplishe<I either by throttling the admission 
to the crankcase, or by throttling in the by-pass between the crank¬ 
case and the cylinder. There is probably little to choose betw'een 
these two metluals. 

Efficirnryin Tu'o-Cycle Types. The great compactness 
and simplicity of the small two-eyde motor are obtained at some cost 
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of efficiency. In al! ga*; cngims a ct^rt.ain amount of work has to W 
done in getting the explosive mixture into the (’y)iiider during tlie 
stK'tion stroke, and in expelling the exhaust gas<‘s iluring the exhaust 
stroke. This gas-friction work is rcprrsi'iitcd on the indi« ntor^eanl of 
an Otto-eyelc engine hy the negative loop, Figs. 'A aiul S, \vhi<*h has to 
be subtracted from the positive looj) in order t«» give the iiulicated 
horsepower of the engine. In the four-cycle engine, this negative 
work is usually from 2 to 5 per cent of the ti>tal work, and is a dead 
loss. In the two-cycle engine, considerably nuire work must l>e done 
in order to get the gas into the cylinder. 'Phe time available for the 
admission of the charge is extremely short. In a small high-s{>eed 
engine, it will be from one-totw<»-hundredths of a si'i-ond; in a large 
two-cycle engine, it may amount to one-twentieth of a s«‘cond. In 
any case, it will not be more than one-third to one-fifth of the time 
available for admission in a four-<'ycle engine. Mort'over, this 
adinisiiion takes place while the exlianst gases are going out rapidly 
and, consequently, while the pressure in the eylimler is appreciably 
greater than atmospheric pressure. In or<lcr to overtsnne the back 
pressure of the exhaust, and also in order to Ih* ahle to enter with the 
very higli velocity necessitated hy the short duration of mlmlssion, 
the explosive mixture has to he prc-<*ompre.s.Msl to K or 10 pouiid.<t 
above atmospheric pressure Indore its admis.sion to the cylinder. 
Whether this prc-coinpressioii is done in the erankcast>, as in small 
engines, or in st'paratc compression pumps, as in large engines, it 
requires the cxpimditure of a considerable amount of work—an 
expenditure which decreases the available {xmer of the engine 
without giving anything in return, other than the ])ossil>itity of 
maintaining the cycle of operations. This toss of p(»wer in <x>inpress- 
ing the charge is ordinarily from 7 to 12 per aMit of the total work 
done in the cylinder. 

Ahother loss of efficiency in the two-cycle engine results from the 
fact that the admission and exhaust poKs arc open at the same time. 
An endeavor is made to have the exhaust port close before any of 
the entering charge has reached it; but practically it is not possiMe 
to accomi^ish that particularly in an engine which is to run at 
various speeds. If, in an endeavor to prevent such los.s of gas direct 
to the exhaust, the exhaust port closes early, too large a volume of 
iht exhaust gases will be retain^ in the cylinder; the amount of the 
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charge which can enter will be correspondingly decreased; and both 
the efficiency and the (opacity of the engine will suffer. In larger 
engines this trouble is obviated to a great extent by forcing air into 
the cylinder slightly ahead of the explosive charge and closing the 
exhaust port when the cliarge of fresh air is passing through. This 
device is also valuable in preventing back*firing of the charge. 

Besides its simpli(‘ity and compactness, the small two>cycle 
engine may claim reversibility as one of its advantages. The direc¬ 
tion of rotation in the small valveless two-cycle engine is determined 
solely by the timing of tiie ignition. It is possible to reverse such a 
motor merely by making the point of ignition very early. This 
causes an explosion well before the ending of tlie compression stroke, 



and may <levelop sufficient p^ess^^i' to stop the piston before it gets 
to the end of the stroke and start it going in the other direction. 
When otK'e started in the other direction, the ignition, if unchanged, 
will be a very late ignition, giving comparatively small power; 
shifting the ignition back a little will give the engine its full power 
in its reversed direction. This process is practicable only in small 
engines with light reciprocating; parts, and is most convenient for 
small motor-boat use. 

Tlie two<yclc engine develops on the average about 70 per cent 
more power than a four-cycle engine of the same size and speed; 
it uses from 10 to 20 per cent more gas per brake horsepower. 
A ty|»cal indicator card for a two-e^xle eng^ i% shown in Flf. 48. 
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MODERATE-POWER STATIONARY ENOINES 
Vertical Type 

As the moderate-power stationary engines are of most general 
importance to the engineer, the descriptions of engines given imme¬ 
diately below are taken from that class. The greater part of what 
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follows applies to gas engines of every kind; where it does not, special 
attention is called to that fact. 

Westlnghouse Singte-Acting Engine. The construction of a 
medium-sised gas engine using the Otto cycle is illustrated in the 
sectional elevation. Fig. 49, of a vertical engine. As in practically 
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hII such engines, the engine is single-acting and has a long trunk 
piston, wliich acts as a crosshead and also permits the use of several 
piston rings whereby leakage past the piston is prevented even with 
the high pressure obtained by the explosion. The engine is made 
single-acting because the piston, piston rod, and stuffing box g^ve 
gi^at trunbie if exp(>s<‘d to the high temperature of the burning gases 
unless they are water-c<H>Ic(l, and the water-cooling of these parts is 
difficult in small engines. Since the cycle occupies two revolutions, 
the valves and igniter liavc to operate once in two revolutions; 
therefore, the earns which drive these parts are mounted on shafts 
running at one-half speed of the main shaft. 

General Details. Referring to Fig. 40, .1 is the shaft wliH'h 
l•arri^8 the e.xliaust-valve cam, ami is driven l)y gears from the main 
shaft. The exhaust cam work.s against a roller carried on the free 
eiul of the guide lever (!. The exhaust valve E has a long stem pro- 
J(*cting downward and resting on a hardened .stwd plate on the upper 
side of the gtiide lever G. The spring .surrounding the stem scrve.s to 
bring the exhaust valve back to its seat, and to keep the stem in 
conta('t with the guide lever. From tlic exhaust camshaft A, a 
horizontal shaft with bev(4 gears leads to the op})osite side of the 
engine, engaging with a vertical shaft, which in turn drives the uppiT 
camshaft li. The g<»vcrnor is mounted on the vertical shaft. The 
upper camshaft carries two cams, one of which engages against a 
roller on the en<l of tlie horizontal lever C. As the throw side of this 
cam ctnnes up|HTmost, the opposite end of the lever C depresses the 
stem of the inlet valve J, opening the latter for the admission of the 
mixture of gas and air. .V spring on the stem of the inlet valve fur¬ 
nishes a means for closing it and kivping the cam and roller always 
in contact w ith each otlicr. Immediately adjacent to the inlet-valve 
cam is the igniter cam. w hich, at the proper instant, operates a.hori- 
zontal plunger working through the guide D, and breaks the electric 
circuit at the terminals of the igniter F. 

Water^acketing. The c.vlinder hea<ls and the upper emi of the 
cylinder are th<jroughly water-jackctwl, as, owing to the high tem- 
})eniture.s (o which these parts art' siibjecitxl, they would soon become 
red-hot if no means wert' provided for keeping the temperature down. 
The cooling water enters at //. and is dlschargni at K. 

Fuel Mixing, The gas and air ehter the mixing chamber M by 
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separate inlets in proportionate amounts which can be regulated, and 
the mixture Is conducted through a distributing chamber to the port 
N leading to the o’H^der head in which the inlet valve is located. 
The exhaust ga.ses wcapc through 0. 

Operation. The operation of this engine is illustrated in the 
accompanying figur(>s. The admission of the charge of air and gas 
takes place during the first downward stroke of the engine, Fig. 50. 
The exhaust valve E \n closed, and the admission valve J is open, 
closing only when the piston is at the end of the stroke and the 
cylinder is full of tlie explosive mixture. 

During the return stroke, Fig. 51, both valves are closed, and the 
charge is compressed till at the end of the stroke it occupies only the 
clearance space. Shortly hdore the end of the stroke, the igniter 
cam has brought the igniter terminals into contact, compieting an 
electric dreuit. When the crank is nearly on its dead center, the 
igniter terminals are separated by the action of a coi!e<l spring in the 
guide D; and, as they fly apart, the circuit is broken and a spark 
passes between the terminals. Fig. 52, igniting the charge. An imme¬ 
diate rise of pressure owurs, and the piston is forced downward, 
both valves rt^muining closed until jn.st before the end of the down 
stroke, when the exhaust valve K opens. 

During the whole <»f the last return stroke, Fig. 53, the exhaust 
valve E remains open, and the pnMliicts of combustion are forced 
through 0 to the atmosphere. Tlic exhaust valve closes as the piston 
completes the streke, and everything is ready to repeat the cycle. 

Nash Engine. Another f<»rm of vertical engine in which the 
inlet and exhaust valves arc located side by side is shown in vertical 
section in Fig. 54. The inlet valve a and the exhaust valve (not 
shown) are operated from the sliaft c, which is driven from the main 
shaft by spur gearing at one-lialf the speed of the main shaft. A cam 
on the shaft r, acting through a roller, lifts the pivoted lever d, at the 
end of which U the long spindle of the valve a through which the 
charge is admitted. The exhaust valve is behind the inlet vidve, and 
is operated in the same manner. The air and gas are mixed, and the 
amount of the mixture is regulated in the ba!anred«disk throttling 
govmor valve e, the position of which is r^ulated by the gover¬ 
nor/. The air and gas are admitted to the governor valve through 
the jMpes $ and h (not shown), and the proportions of the mixture 
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regulated by the hand valves i. The exliaust passes out through the 
water-cooled header 7 . The igniter is a magnetically operated make- 
and-break plug, timed by a commutator mounted on the camshaft. 

Rathbuii Engine. The engine sho^^m in Fig. 55 has both the 
inlet and exhaust valve in the cylinder head, thus permitting the use 
of a dished cylinder head. The valves are act uatc<l by a devu'e known 
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as a “roller-path lever". In this device a lever is pinne<l at one end 
to the valve-actuating ro<l, and on the other is fittetl with a roller 
which rests on the top of the valve stem. The top of the lever U 
curved. Above it b a block which is hrmly held in position in the 
valve bonnet vid has somewhat snudler curvature than that on the 
kver. This block is adjustable in order to allow for taking up wear 
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in the valve mechanism. When the valve-actuating rod is pushed 
up to open the valve, the curved surface on the lever rolls smoothly 



ri« &!i. Kalhtntn O.l* Fluting Shown in Sn-iioo 
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and nois**le>d\ »»ver the curved .surfaa’ «f the IdiK-k and depresses the 
roller end of the lover, thereby opening the valve. The actuating 
rod 19 connected to an ea-entric and operates the rod through a cros^- 
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head which .slides in a guide held in the top of the frame or hotiHiug. 
The exhaust valves, exhaust ellwws, and manifold are water-ecolcsl. 
The piston is provahsl with an airdnsuluting sp.m* or |Kx*ket at its 
top to prevent the neeinnnlation am! carlM)ni7.ati(»n of oil on the jiot 
piston heath I'he journal lioxes n*sl on wislges whieli are adjustable 
from tlie outside by a bolt on either side of the engine, which 



H*. .W I'ront KWktinfl of Om Kncine 
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thus facilitates the lining up of the crankshaft. 'Fliese wwiges may be 
taken otit sideways into tlic engine base hy removing the auijusting 
wedge bolt.H. This allows the jounial l>ox to Ik* rernoveii in a like 
manner, while the cap may \ye reniovi*d in the usual manner; thusi 
providmg a means of replacing the main journals without disturb¬ 
ing the crankfdiaft. The joumal-cap stu<ls arc continued upward 
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through the housing, forming st&y bolts, through which all strains 
created by the pressure in the cylinders are transmitted directly to the 
main journals. Because of this construction, it is possible to have 
large doors in the housing to facilitate repairs and adjustments inside 
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the cnnkra.se. The governor, of the fly-ball type, is driven from the 
eccentric shaft and acts directly on a throttle valve. The governor 
also changes the timing of the ignition to suit the compression as 
affected hy the throttling. The throttle valve Ls a t»'»disk balanced 
valve acting directly on the mixture. The quality of the mixture is 
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regulated by an additional valve in the gas line, which has light-load 
dhd full-load adjustments similar to some carbureters, thus providing 
an automatic maintenance of the proper mixture throughout the 
range of load. The ignition is by mechanical make-and-break igniters. 

Bruce»MacBeth Engine, lltc engine shown in Pigs. 56 and 57 
also has both the inlet and exhaust valve located in the cylinder head 
The valves arc actuatc'd from a camshaft through levers pivoted on 
brackets bolted to the cyliinler heads. The camshaft is carried at the 
level of the top of the cylinder head in bearings which are an integral 
part of the jackete<l exliaust outlets. Tlie (^m.shaft is driven from 
the crankshaft through a vertical shaft by bevel gears. The valves 
are carried in cages, the exhaust-valve cage being water-cooled 
though the exhaust valve itself is unc'ooled. The inlet-valve cage is 
divided into two compartments by a ledge at the middle of the cage— 
the upper compartment connecting to the gas main and the lower to 
the air main. A <li.sk is carried on the inlet-valve stem which scats on 
the dividing letlge of the cage when the inlet valve is closed, thus 
serving to shut off the gas compartment from the air compartment 
and preventing the formation of an explosive mixture until the inlet 
valve is opened. This arrangement helps to scavenge the cylindw 
since, when the inlet valve opens, air is nearest to the opening, and 
consequently a layer of pure air is drawn into the cylinder, previous 
to the commencement of the suction stroke, by the inertia of the 
exhaust gases in flowing out of the exhaust valve. This layer of pure 
Mr tends to replace the products of combustion remaining in the 
clearance space and to force them out through the exhaust valve, 
thereby scavenging the c>'linder. The exhaust valve closes before 
any of the oncoming explosive mixture Mn be lost into the exhaust. 

The regulation is (d>tained by a fly-ball governor mounted on tiie 
vertical shaft, which operates either a balanced-a^ throttle valve 
or a balanced-disk throttle valve, depending upon the fuel used. The 
ignition is obtained by two sets of Jump-s|»rk plugs mounted one on 
either side of the cylinder. One of these plugs is a standard grounded 
plug and the other is a special i^ug with both electrcKles insulated. 
The current is obtained from two high-tenrion magnetic—one for 
tuh system—mounted one on either end of the cam-shaft. A timer 
or distributor, to direct the current to the proper plug at the proper 
instant, is built into each magneto. 
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Fairbanks-Morse En(ine. tL ciiKtne shown in 5S has 
both vaivw Iwatoil in the cylimler heutl, tlic exhaust valve beiitj; 
meclmnically oivratiNt, while the inlet valve is autoinath-ally opt'ruted 
by the suction of the engine. Tin* engine, as representiHl, is equipped 
to ojKTate on gas^iHne. 

Horizontal Type 

Otto Engines. An example of the horizontal form of gas engine 
is given in Figs. .W and (K), which are vertical < ross sections through 
the cylinder and valves. The admission and e\)mu>t valves A and / 



M. Otto Gu Kdcim. l.oofituai&«l Seetioa of HoritonlatTyp* 
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are placed one above the other—the cxliaust Ih*Iow. The valves 
are opened by cams 3/ and //, res|)eclively, mounted on a horizontal 
side shaft parallel to the axis of the cylinder. The exhaust cam acts 
on the €nd of a lever L with a fixed fulcrum, giving an invariable 
opening to the exhaust valve. The admission cam acta on the end of 
a lever, Gf, The governor controls the time and duration of the open¬ 
ing of the admission valve and thereby controls the amount of the 
exf^ouve charge admitted to the cylinder. The ignition is obtained 
by an oscillating magneto and make-and-break igniter plug, which 
are operated by a rod driven by a crank on the end of the side shaft. 
A gas valve B is mounted on theinlet-valve stem,asin the previous 
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engine, only, instead of being mounted rigidly, it is mounted loosely 
and is held to its seat by a spring. 

Atberger Engine. The engine shown in Fig. 61 is a horizontal 
single^cting tandem. The cylinder head of the front cylinder is 
provided with a stuffing box to prevent explosions from blowing out 



M. TrtBmntnktttloaefOt<aO**EBfliM 
C«Hrtr*y efOUt Got PkHaitlpKia, 


around the piston rod. The stuffing box is watercooled and provided 
with five snap packing rings. The piston rod is solid and uncooled. 
The valves are kK'ated on the side of the cylinder in a valve chamber, 
which is a wateiHooled casting separate from the cylinder casting. 
The valves are actuated by a cam and lever as shown in Figs. IS8 and 
159. The regulation is secured by a Rites inertia flywheel governor 
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rotating a cut-of! cage valve. The ignition is obtained by a double 
high-tension jumi>*spark system, two spark plugs being provided for 
each combustion chamber. 

Foos Engine. An entirely different arrangement is shown in 
Fig. 62, where the valves are located on opposite sides of the cylin¬ 
der C. Both are n\cchanically operated through cams and push rods 
operating the In'll-crank lever shown in the figure. The inlet valve E 
is opened by the lever A; the exhaust valve 1), through the lever K. 
The igniter is pluu'il close to the inlet valve. The provision of a plug 

above each valve peripits 
ready access to the valves 
for removal or grinding. 

LARGE OAS ENGINES 
General Character¬ 
istics of the Type. Avery 
rapid development has 
taken pla< e in the size to 
which gas engines arc 
built, until now there arc 
in operation units devel¬ 
oping over 5006 horse¬ 
power each. There arc 
some spixial problems 
which arise when large 
power is to be ileveloped 
in a single engine; and for that reason the large gas engine is here 
considereil separately. 

The gases which are commercially available for use in large gas 
engines are: natural gas, blast-furnace gas. produi'cr gas, aiul coke- 
oven gas. Gases rich in hydrogen are objectionable on nci'ount of the 
excessive strt'sses causeil by pre-ignition in a large cylinder. 

The American practice is to make large gas engines of the 
nde^mnk type. With the four-cycle type of 1000 to 1500 horse¬ 
power, a tandem double-actitig engine is usual; for 2000 horsepower 
and over, double-tandem double-acting engines are used, llie tan¬ 
dem double-acting engine gives two explosions per revolution, 
resulting in a veiy uniform speed of rotation. 







Loi^tudlas) S«ctiMi of WartM T*od«ai Cat Cag^M 

'oa't'** 9/ ^^rtii’xrfn'tiU Coatpany. Warrf%, » 













129 GAS AND OIL ENGINES 

« 

Wtrreit Engine. An example of a moderate-sized single^ct- 
ing tandem engine is given in longitudinal section in Fig. 63, and in 
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liM'nt miuircs a stuflitig In>x in the front r^'Iiiut'cr. Tin* pUton ami 
piston nnl, the*exhaust valv(*s, ami thcexhuust-VHlvetajiesarcM’atcr- 
ja<ketc<l. The water enters the front pisUm throu{;h a pijic sliding 
through a stuffing l>ox; go4*s throiigli tlic hollow piston nal to the rear 
piston, am! from there discharges through a pipe into a trough in the 
intermediate IhsI. The jackets are east separate from the cylimlers, 
• ami make sliding joints at their front ends so as to allow of dtlh^rential 
ex|iansion of the cylinders and jackets. The jacketing of the exhaust 
valves is shown clearly in Fig. (Vk 

'Phe valves arc situat(*rl vertically above one another, the 
exhaust, as usnal, being bch>w. Th(\v are workis! hy a single cam on 
the lay shaft, through intermediate push rmis and lc\cr>; the cxliaiist 
valve, through a massive lever with a fixed fulcrum; and 11n* admission 
\ alvc, througit a lever witli a nuivabh- fulcrum. 'I'lie |)osilion of the 
movable fulcrum is coutnilhxl by the gov<Tuor througli a fli'xibic 
steel .strip; the farther in it is puslicd, the less (ha's llie admission valve 
o|)cn ami, cou>*e(juently, the more is the ciiarge throttled. The 
movable fulcrum is quite free to move at all times, exi'cpl when the 
admission valve is a<-tunliy Iwing oix^ruted. The governor is fris: to 
move even at that time, as it can Ix-nd the flexible strip; conseijueiitly, 
the W'ork on the g(»vernor is extremely slight, and it can he made very 
s«*nsitive. Thesis engines have ct>nverted d2 imt (rnt of the total heat 
of the gas supplied to them into indicated work. 

Allia-Chalfners Engine. 'Phe m>rmnl ty|>c of large-size four- 
cycle gas engine is sliown in Fig. (m, which is a drawing of the largest 
gas engine yet built in this country operating on blast-funiHc-c gas, 
and ill Fig. Cf>, w Inch is a (tosh section of another engine of the same 
type. It is a tandem double-acting, side-< rank engine, with the inlet 
and exhaust valves placed as in the engine just il<*.s<'ril>ed. Owing to 
the great weight of the pistons and rmis, the latter are siip|K>rtefl on 
three slides, and the cylinders are thenrby relieved of wear. 

Water-Jarketing. Tfie main liearings of the crankshaft arc 
water-coole<l, and are provided with spheru-al .seats to allow for 
deBection of the shaft. Karh cylinder with its jacket is a single 
casting; the great depth of the water-jacket space is intcnde<l to 
permit of difTerential expan^on of the cylinder and jacket; the longi¬ 
tudinal tensile stresses are carried by the jacket wall, the cylinder wall 
being subjected only to the pressure of the gases. The pistons are 



!32 GAS AND OJL ENGINES 



water-cooled j and, as 
there are no nuts or other 
projections from the pis¬ 
tons, ail parts are ade¬ 
quately cooled. The hol¬ 
low piston rods are of 
nickel steel, and are given . 
such an initial camber 
that they hccomcstraight 
when they support the 
weight of the pistons and 
e(K)liiig water. Water for 
<iK)llng the pistons and 
rods is brouglit to the 
central crosshcad by 
in<ans of pi|)cs with 
swing joints on each side 
of tl»c . crosshcad, the 
water from one pipe go¬ 
ing forward, and that 
from the other pipe to 
the rear rod. After cir- 
ctilating through the pis¬ 
ton and rod, the water Is 
discharged from pipes at 
the ends of the piston 
rods into a slot inthctail- 
guulc frame at the one 
end and, as in the pre- 
a'ding engine, .through 
a pipe which slides 
through a stuffing box 
in the main frame. The 
packing used in these 
stuffing boxes coRMsts 
of sectional cast-iron 
rings enclosed by re¬ 
taining rings. 
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Ignition. Separate gas and air pipes above the engine-room 
floor arc dispensed with by making them an integral part of the 
cylinder casting at the center of the length of the cylinder, as is 
shown in Fig. 65. This type of construction is known as a 
"belted cylinder” and greatly simplifies the appearance of the 
engine. Because of the large diameter of the cylinders and the 
consequent laige volume of lean blast-furnace gas in the combustion 
chamber at the instant of ignition, three igniters are used for each 
cylinder end instead of two, as is the usual practice. Two of the 
igniters arc located, one on either side of the cylinder, forty-five 
degrees down from the vertical. The third b located in the same 
l^ane as the other two on the side of the cylinder away from the lay 
shaft, forty-five degrees up from the vertical. This third igniter is 
necessary because of the distance through which the flame has to 
travel in this engine. Its use increases the power of the engine 20 
per cent. The igniters are mechanical makc-and-hreak (shown in 
Fig. 120 and described on page 1H3) operated by igniter camshafts, 
which run at half the speed of the crankshaft. 

Valvfs. In the cross-sectional view through the valves, shown 
in Fig. 60, some of the details of the cylinder, such as the sepa¬ 
rate casting for the gas and air passages, are different from those of 
the engine shotn-n in Fig. 05. The inlet and exhaust valves and the 
medianism actuating them arc unchanged. 

llie exhaust valve and its stem arc in one piece. The valve stem, 
head, and cage are all water-cooled, as shown in big. 66. The water 
leaves by a swinging hose connection at P, and enters by the internal 
tube and another hose connection at 0. The valve is operated by 
the eccentric M on the lay shaft K, through the rolling lever ful- 
crumed at R, The rolling lever is the most largely used of the valve- 
operating devices. The eccentric rod is in tension'~an advantage 
over the push rod, especially in large engines where the total pressure 
to be exerted on the exhaust valve, in order to start lifting it, is very 
great. 

The inlet valve G is operate<l through the eccentric L by means 
rolling levers. The period and amount of the opening of the gas 
valve If are controlled by the governor. The quantity of the mixture 
admitted, and therefore the compression pressure, is kept constant; 
but the quality of the mixture is Vwied. The inlet valve G opens 
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before the gas vaivc //, thus Aflniittiif}; air only at first ; anH» as the 
exhaust U still o|)eii at that time» the eiiteriiiK air st^avetiKes tite 
cylfuder and puts out any flame still remaining in it. Then follows 
the wlraission of a mixture of air and rhs. 'Fhe gas valve then closes 
slightly ahead of the main valve, so that (he last part of the charge 
admittcKl is air; thi> fills the valve ehamlnT IjcIow the inlet valve, but 
. is not in eontaet with the igniters. 

The gtts valve // is of the double-seated tyix*. and is operated 
by two nals, sh«>wn in I'ig. tMi, which <'<»iineet it witii the erossheail T, 
and with a rolling lever fulerume<l at N on the (•ro^shea^l I’. The 
fulcrum lever T is forlosl on its inner cml. and the ends of this fork 
arc pivoted on fixed pins. The rolling lever being connected to the 
main inlet-valve rolling lever, Initli levers ihovc in unison. The 
position of the fulcrum lever T is eontrolUsl by the govennirthrough 
the rod E and the eeceiitrie on the shaft F; {•onsispieiitly, the gov¬ 
ernor c<.ntn>ls the movement of the ijimr end of the rolling lever 
fulcrumed at S, aiulof the gas valve //. 

ii^tariing. Starting is by means of compressed air ailmitted in 
turn to each cylimler eiul,.nt what would be the,expansion stroke, 
through the valve (\ 

Valve Gear and Governing of Westinghonse Tandem Engine, 
'fhe valve gear and governing of another t>|>c of large gas engine 
are illustrated in Fig. <>7. One eeeentric is employed for iKith the 
exhaust and the inlet valve. There is a single mechanism which com¬ 
bines the functions of inlet, mixing, and governing valves. The 
met'hanism consists of a spring-operati'd poppet valve, a stationary 
cage in which it is hoiistsl, and a mixing or regulating valve sleeve 
which reciprocates within the cage and rotates on the inlet-valve stem. 
The regulating sleeve is provided with ports registering with corre¬ 
sponding ports ill the surrounding valve cage. The valve has three 
distinct motions—a definite verti<*al motion <»f the fiopfiet valve, the 
vertical motion of the sleeve, and a ixitation of the sleeve r-ontrolled 
by the governor alone. 

The main |)oppet valve is workwl from the eeeentric through a 
push rod and rolling levers. When it is etosefl, the cylindrical deeve 
closes the air and gas ports. As the main valve opens, the sleeve 
falls, uncovering the ports. 'Fhe area of the |>orts iincovenxi is deter- 
Biiiicd by the angular position of the sleeve. The rotating sleeve 
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acts as a throttling valve, but does not affect the relative amounts 
of air and gas admitted. The governing is by quantity, not by 
quality. 

General Cylinder Constnictlon. The cylinders of>the largest 
engines of this type are cast in halves fitted together with ground 
joints. An opening is left between the two halves of the jacket at the 
center; this opening is closed by a split jacket band, Fig. 68, making 
water-tight joints with the castings but permitting independent 
expansion of the cylinder and the jacket* 

Effect of Two or More Igniters* It is necessary, in a large gas 
engine, to have two or more igniters for each combustion chamber, 
'llie combustion starts at the igniters, and spreads with a moderate 


velwity 



In order to make it complete in a short time, it is best to 
start it simultaneously at two 
or more points. In small en¬ 
gines this is not nccTssary, as 
the distance the flame has to 
go in order to fill the combus¬ 
tion space is short. The effect 
of using two igniters is shown 
in Fig. 69, which gives two 

Fig-tW IndieBtorCird, ShnwiniV'.Brci gf tuiftf SUpt'fpOSCd indicator Cafds 
TwolinilcM t t 

taken from a large engine. 
The dotted-linc card wa.s taken with one ignitor in use; the full- 
line caul, with two igniters. With two igniters the combustion is 
seen to occur more rapidly than with one, giving a maximum pres¬ 
sure of 3^15 pounds, as against 272 pounds with one igniter. The 
difference between the areas of the cards is about 4 per cent. 

Gas Cleaners. Most of the large gas engines in use at the 
present day are running on blast-furnace giLs. The succe^ss and 
security of the operation of these engines depend more on the effective 
cleaning of the gas than on any other single factor. The cleaning is 
generally carried out by passing the gas through a series of large 
cooling towers provided with a numWr of shelves, in which it meets 
sprays of water. The ga«-is then taken to a centrifugal fan, which 
also is supplied vdth wwler. The gas and water are throwTi aj^nst 
the casing of the fan, and the dust b more or less completely retiuned 
by the water. 
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Oiie of the most effective of these gas eJeam^rs is shown in Fi^. 70. 
The cylindrical drum E E is rotated at a speed of about KTiO rcvolu> 
tions per minute; it curries on its peripliery an oblique vane forming 
a continuous spiral curve. Tliis vane, togi'thcr with the casing which 
it almost touches, makes a spiral channel tlirougli which the gas must 
|>as.s on its way through the ^'leaner. The front l>iirt of the drum, 
throwing the gas outward by centrifugal ft>rcc, acts ns a sin tion fan. 
drawing the gas tlirough the npjmratus. Cleaning water enters 
through tangential o|N'nings li in the side of the casing. Hows thnmgh 
the cleaner in the op]M>site direction to the gas. atnl eseuiM'S at /. 



The casing is covered on the inside with wire netting, which retains 
the wat^r. The gas pndcrablv g(K*H to the cleaner when still liot, 
as this va|>ori/cs some <if the water and moistens the dust particles, 
making them heavier. 

HIGH-SPEED ENGINES 
Automobile Engines 

General Characteristics. Automobile engines are generally 
vertual niuUieyiinder fourcycle engines designe<! to run at sik'OiIs 
of sot) revolutions {mt minute or over, with short strokes, jun){>'Spark 
ignition, mis-hanically operated inlet valves, using gasoline as a fuel, 
and developing not more tlian 15 horsepower |mt cylinder at WIG 
revolutions. The power is usually controlled by throttling with haml 
adjustment. 

'Fhe horizontal arraitgement is uswl sometimes with tw’o opposed 
Q^Unders'-*that is, horizontal cylinders lying on opposite sides of the 
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<Tank5<haft and with their cranks at 180*. Tw<M;yc!e engines are 
al«) used occasionally, hut, so far, have no^ met with much favor in 
automobile practice. The standard practice is to use either four or 
six cylinders arranged in a vertical row, and usually with the cylinders 
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cast in pairs. Althougli cylinders cast in triplets and “en bloc”--*all 
the cylinders of the motor ca.Ht integrally—are commoi;. 

With four cylinders an explosion is obtained twice every revolu¬ 
tion of the crankshaft, so that the motor strokes come as frequently 
as in a double-acting steam engine; with six cylinders there are three 
ex(dosion$ per revolution. The explosions are made to take place in 
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that onlcr which ^ivcs the best lialaiicin^ ti) the enj»ine-*thiit is, 
whitli will Rive Rreatot freedom from vibration of the engine us h 
whole. With a fonr-<*ylinder *‘iigiiie, the cranks of cvliiulers I and 4 
should he togetlier and at IM)’ to llie cranks of cylinders 2 and 3; 
the onler of firing in the four 4\vlind<Ts slimihl he 1, 'A, 4, 2, This is 
shown in tliediagrant, Fig. 71, together witli tlic i«‘>t arrangement of 
cranks and onler of firing ft»r oIIkt inulticylinder four-cycle engines. 

Classification According to VaUe Arrangement. 'J'herv arc 
several stainlard arrangements of the jMippct valves in aulomolnle 
engines. The <‘Iassilieation <if the varimis arrangements is as follows: 

Tlie two valves may he on one sale of the eyl|inhT *-'i/’ Head 
Motor. 

On op|K>slte .sidrs of llu- eyliinler “'1'” Heail M«>lor. 

In the lieatl, or elx- one on the side and om- in tin* head -Over- 
fK’mkValve Motor. 

Tlic followinaexainples are repreM-iitati\ e of the various tyiH’s of 
motors and show flu* best present-day jiriu ti<-e. 

Fi'iir-Culihilrr "A” Jhiul Motor. 'l‘his motor, shown in Fig. 72, 
is a four-<'ylinder “en hlo.e” “I/’ head motor. 'I'he <-,\linders, valve 
eliainher, inlet manifold, water jacket, and cMinder heu<is are cast 
integral, the cylinder heads being reinforeeil hy cross rihs. The 
cylinders and valve jmssiiges are entin ly water'jaeke1e<l, and a drain 
cock, situated at the lowi st levi l, jMTUiits complete drainage. Tlic 
water inlet is situated directly underneath tlic exhaust valves. 
The top plate eo\sT for the eylinder-h<*ad jacket, is of broiixe or 
aluminum and forms the outlet through which the water passes to 
the radiator. This o|K.tung on top of the eylimh rs greatly fueilitates 
the pnaliK-tion of ]m rfei t and uniform eastings, and ul.s<» the removal 
of all eiini saml. 'I’hc val\c covits are sen wisj into the. lop of the 
cyliiuler with ati asl>estos-til!et! « oji|mt gask< l on tin* wal of the cap. 

Tlx? pistons are made of tite s;ime gruile and (piality of 4'ast iron 
as the cylinders and arc slightly ta[N-n'd. Kai h piston is fitted with 
rings of Mmi-st<-el, and is provided with four oil gro<»ves. 'Hie piston 
Hugs are grouiui on the two side.s and fit acrurately into the grooves. 
The wrist pin is of hollow tiMil steel, ground and luirdimed, and is 
fa.stened to the eoiineetiiig nxl liy means of a Imit. This gives a wider 
bearing surface, IxM-ause the lx‘ariiig is in the piston l>osses instead of 
til the connecting rod. 
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Tin- ami (•x!um>t valv<-s art* intt n lianjii'aMe. Tin* valve-nMl 
guiilf'* an* ‘»f cast inai, ami an* very lonj;. thus preventing tlu* gas from 
est aping when the exiiaiist \alves are uin ii, ami alst) preventing the 
im-oiiiing charge from Iwing tliluted l>y tlie Miction t»f air. 

'Hie valves arc c»mi1ci1 !»y l)ringing the jacket as cIoh* a> j)ossil>Ie 
to the valve scats. 'I'he crMiliiig is also ai«lctl hy placing tin* water 
inlet «lirectly licneath the exhau-'t valves, ’riie inlet nuiniftthl is cast 
integral with the <‘ylimlcrs. ami is >eparatc«l from them hy the water 
jacket. The exhaust nianifoM. math* of malleahle iron having a 
gradual taja-r and firovided with fins to aid in the eiHiling, is bolted 
to tln'siileof t!ie< yUnder easting. 

The upper half of the crankcaM* is a single aluminum <-asting 
reinforced hy i-niss rihs. < 'ranksliaft Iwarings an* supja»rte«i hy wehs 



Ki»- 7a. Oiling Syslejrj of Winronsin Molot 
CuuH,.., of ... If.., on.iB 

extemling tlirough the entin* depth of the ease and are heM in place 
hy thnnigh l«»lts, wliieh are entirely indejH’inh'nt of the lower case. 

Oil is pumped hy means i»f a gear pump l<K-att*«i on thcfuitsifleof 
tlu* lower erank<*asc and driven hy a pair of gears from the (amshaft. 
Ah shown in Eig. 7d, the oil is ftirceil to a main dtict cast integral with 
the crankcase, and from there flistrihntwl hy means of smaller ducts 
to the main liearings. It goes through ducts in the crankshaft to the 
cxmiiecting'iXMl iH'arings. from which a stiflicient amount of oil is 
thrown olT to oil the pistons and camshaft, both of which are provi<l<*fl 
with oil jK>ekets. 

Four’Cylindrr *‘T” IfaiH Motor. In Fig. 74 is shown a trans¬ 
verse section through <»ne cylinder of a four-< ylimler “T” heafi motor, 
with the cylimlers cast in pairs. Each pair of cylimlers, the valve 
chambers, water jacket, and cylinder heads are cu.st integral. The 
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top plsito r<)v<T for oach pair of cylinder-head jackets is provided with 
a flanged o|>('iiing at its center, which serves as tlie outlet through 
which the water passes to the discharge-water manifold, and from 
there to the radiator. This motor is especially built for truck serviw, 



Ft|. 74. Trkrwvwn Bfftkvo of Tyi^eil “T" Heod 4.ry1iAd*r FoclM 
Cvttrtttf nf n’urtfnna Matvr C'uMpany, Mxlwumlut, R'»Mwin» 


»nd is fitted with a centrifugal governor acting on a throttle valve in 
the inlet manifold, so that the truck cannot be driven in excess of th< 
speed at which the governor is set. 

The oiling system shown in Kg. 75 differs from that shown i« 
Kg. 73 in several important features. The lower half of the craidt' 
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case is divided into two horizontal ('ompartments, the upper com* 
partment being of presstn! steel. The lower <‘oinpartment carries the 
oil supply and contains the gear oil pump. The iipjH*r compurtment 
contnins the oil whu h is useil for tin* splash oiling, the amount of oil 
being carried autoinalically at tlie .same level at all times by means of 
standpipes of fixed height which connect the n))|KT and lower com¬ 
partments. The oil pump handles more oil all the time than can be 
emisumcHl in the pro|HT liilmcation of the parts, theexeess oil return¬ 
ing from the upixT compartment thnnigh the stamlpi|M*s to tlie low'er. 
The main bearings, the camshaft gears, and the walls of each eyiimler 
are oiletl through ducts, as in the prt vious system, diret tly from the 
purfip. The connecting rml ami cum.slmft bearings, and the cylinder 



Fig 7S. Oiling Sy«t«m of NMinniir'4a** 

Ciiur/ijj/ 1./ Voliunuf .W il'ir IVAi'.f* Cumi.inv. ttuiiaiui 


W'alls to some extent, are oiled by sidash from the eonneeting rods. 
These rods carry ilipperson their lower emls which dip into the oil in 
the upper eornpartment. 

OwrAcrtd Vaire Jl/o/or. Wlien the valves are plaeetl on top, it 
is necessary to use levers bt^twetm the push hmIh ami the valves, with 
s(»me such arrangement as that shown in hig. 7t). The engine shown 
in Fig, TT has both valves in the bead. The valves are opcTated by 
push rolls through rocker arms fuliTuined on the cylinder heail. This 
motor is also noteworthy from the fact that it is air-cooled. The 
cylinders are cast integrally of vanadium iron with radial fins running 
lengthwise of the cylinder. Each cylinder is jacketed by means of a 
band of sheet iron around the outside of the fins, and the upper (Mirtof 
the engine is shut off from the lower part by a horizontal bulkhead, 
so that the only communication between the upper and the lower 
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cuinpartnu-tits is tlirou^'h ilu* spuci- U-lwoen the eylindor walls and 
the jacket around the outsi«le (»f the fins. Tlius, if a current of air is 
cauiU'd to flow from the upiwr to the lower comp;irtinent, the fins are 
cooled by the air current. When plaeiHl in the chassis, the engine is 
located in an air chainlaT forineil by the engine IxMd and hooil, the 
oidy exit from winch is (hrough the flywheel, and the only entrance to 
whi<'h is through tliu area around each cyliialer. A “sirocc(»” su<‘tion 
fan is built into the flywheel, and 
when the flywheel rotates, a par¬ 
tial VHcimin is created in the 
lower eotnpartnient. Large quan¬ 
tities of air arc then fon*eil by 
atinospberie pressure in, down, 
and urouiul each <*ylitHler to take 
tile place of the air exhausteil by 
the fan. 

Silent Knight Sleeve-Valve 
Motor. Previous to 1908, the 
only form of valve that had 
proved comracreially successful 
on intemai-coDibu.stion motors— 
with the exception of vahcless 
motors in which the piston acts 
as a valve—was the poppet valve. 
Slide valves and all the different 
forms of valves used in steam 
('ugiiu's, including flat-slide, pis¬ 
ton, aiul rotary valves, were at 
tn»e time or another appliinl to 
FU- 70. s.-,«M.u Thr..u«h v*iv^4. ovmWwI iiitemul-eombustion engines, but 

>aivv AulutuoUn Knctiia , 

never in the long run provetl com¬ 
mercially successful. In I90S, Charles Y. Knight, of Chicago, induced 
the Daimler M<»tor ('omjiany of (‘oventry, England, to take «p a 
motor of his invention in which the valve functions arc performed by 
two ported sliding sleeves, one within the other, and both between the 
piston and the cylinder wall. The two sleeves are reciprocated by a 
half-speed shaft carrying small cranks equal in number to the sleeves. 
Thb motor has since proved very successful, and has been taken up by 














Pif. 7H. Tninavmn Section o! 8lMnu>Kiwht Sleevo-Valvo Motoi 
Cvurlfjir 0 / P. B. Stmrnt C»mpon^ ChMUmd, Oki« 


the usual poppet valves have been replaced by two concentric sleeves, 
which slide up and down between the walls of the piston and cy linder. 
Each of these sleeves has ports or slots cut on opposite sides. These 
slots in the inner and outer sleeves register with one another at proper 
intervals, producing large and direct openii^ into the combustion 
diamber from the exhaust and inlet ports. The cylinder head h 
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detachable and part of it extends into the cylinder for quite a distance. 
However, it has a smaller diameter than the cylinder bore, so that 
the two sleeves may enter between it and the cylinder wall. Since 
there arc no valve passages between the valves and the cylinder bore, 
the combustion chamber is ma<le 
nearly spliorical by making the 
cylinder head and piston ln‘a«l 
concave <»r bo\vl-shap«l. The 
two sleeves are independently 
o|>erate<l by small eonneeting 
ro<Is working fr<»in an cecnitric 
shaft running lengthwise of the 
motor. This cec<Mitrie shaft is 
iwsitivrly driven hy a ehain at 
one-half the sjx'ed of the crank¬ 
shaft. The etmiieeting rods are 
fastened to the sleeves l^y pins 
through lugs formed on the lower 
ends of the sleeves, giving a drive 
which is unsymmetrieal or one¬ 
sided, but which has no bad 
effect, owing to the long bearing 
of the sleeves. The connecting 
rods for the two w'ts of sleeves 
are of different lengths, andu'-u- 
ally they arc inclined, i.c., a ver¬ 
tical axis drawn thmugli the cen¬ 
ter of the ceecutric shaft lies 
outside of the pitis connecting the 
rods to the sleeves. The sleeves 
arc stifngthened by circumfer¬ 
ential flanges at the lower ends, 
above and below the driving lugs. 

Packing Ringn. Gas tightness is insure<l by two sets of packing 
rings, one set of three or four being phiced on the piston in the usual 
way, and the other set on that portion of the cylinder head which 
extends into the cylinder and is surrounded by the valve sleeves. 
The latter set comprises one unusually broad ring at the bottom 
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known as the junk rini', and two or tliree ritiffs u)H>ve it of tlie same 
dimensions as used on the piston. The ohj<-et of the junk rinx is tt) 
seal the ports in the val\<‘ sleeves wlnle tlie exphtsimi takes place and 
the gases expand in the cylinder. 'I'liis ring, therefor**, must Ik* ma<le 
of gmiter wiiltij than the heiglit »ff tin* jairts. Each jK»rt extends 
suhstantiully one-third of the di'.iatne arouTuI the <ylinder and is 
provided with a bridge at the iniildle of its length so as to pre>'eiit 
undue weakening of the sleeve. 

/^l,v^^’o« 0 / SIrnrs at I orn»i4.< I'tanh In Cjfrlt'. 'I'he iT4-<*ntrie 
<lrl\ing the inner slee\e is given a certain lead or advaine (pver that 
o|xTating the out«T sleeve from (itr to '.Hr. 'I'liis lead, together with 
the rotation of the e<-<enlrie shaft at half tin* erank^haft speeci, pnw 
dm es tlie valve action illustrated in Eig. stt. which shows the relative 
jmsitioii of tlie plsttm, .sh*eves, and * yjinder jmrts at \ arious points in 
the rotation of the crankshaft. 

Po: ition / .shows the inlet just ojwning. 'I’lie port or slot in the 
inner sleeve is eoniing up, tlie jiort in the outer '•leeve is going down, 
and the passage hir tin* imsmung gas is a rajiitlly iin r<*asing spa<e 
l>etwtTn the up(H‘r edge of the slot in the inner sh( \ c an<| the hnver 
tsige of tlie .shit in the imter sha ve. 

Position 2 slniws the inlet full open. Both slots hav*- come 
exactly op|)osite each otln’r and the month of the inh i port in tin* 
cylinder. 

Position d shows the c losing of the inlet. The cylinder is now 
charged w ith gas and ready for the eoniprc^siou stroke. 

Position 4 shows the position <)f tlie sleeves at the (tip of the cjim- 
pression stroke; the compression space in the 1 ylinder is <oinpletely 
sealed by the rings in the b*'ad ami tin* rings in tbe jiiston. The 
explosion takes place at this point. 

Position 5 shows the exhaust valvj* ju't starting <0 oj)eii. 'I'lnr 
slot in the outer sleeve is coming up ami tlie slot in tin: inner .sleeve 
is going down. 

Position 6 shows the exhaust full o|K'n. Both slots have come 
opposite each other and the exhaust |M>rt in the cylinder. 

Position 7 shows the closing of the exhaust oiM'iiing, and is prac¬ 
tically identical with INisition /. The four cycles or strokivs of tlie 
engine, i.e., suction, comprt'ssion, explosion, and exhaust, have now 
been completed; the crankshaft has turned twice, the eeeeiitric shaft 
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has driven the sleeves np and down once, and the cyde of operation U 
now ready to be repeated. 

Timing. The timing shown is not different from that ordinarily 
used in poppet-valve engines, hut the valve area is greater than that 
of an onlinary poppet valve. The equivalent of increased valve area 
is gained, also, by the directness of the valve opening and the absence 
of restrictions in the gus passages. 

Admittage,'! of Knight Constniction. The two chief advantages 
claiiiKHl for the Knight motor are, first, its high output fur given 
cylinder dimensions, which is due to the directness of the path of air 
into the engine; large area and rapid opening and closing of the valve 
ports; absence of heating of the charge by passing over heated valves 
and valve pockets; and to the favoral)le form of the compression 
chamber, with the spark plug locatnl in the center of the head. The 
second advantage is t he silence in «)peration, and the fact that the valve 
timing and the efficiency of valve oi)eration arc not afTwted by run¬ 
ning for long periods, in fact, it is found that the compression of a new 
engine is improved by running, due to carlmn filling up inequalities 
made in machining the sleeves, cylinder, and head. Another advan¬ 
tage is the small jacket loss due to a combustion chamber with a 
minimum wall area and a minimum exhaust-wall area. 

The silence in operation at all speeds is due to the fact that the 
valves are closn-d as well as opened positively. 

If great power and high speeds arc ilesired in the iwppct-valvc 
motor, high ('ompression, large valves, strong springs, and steep cams 
are employed, proiluclng a noisy motor. 

Large valves and their seats arc liabh* to warp or to be pounded 
out of sha{)c under the combined at'tion of high temperature and the 
impact from .strong springs. The pressure exerted by the spring 
sometimes reaches 300 iHninds. 

With the sleeve valve, the efficiency and durability of th% engine 
are not affected by high pressures. The sleeve valve is balanced 
i^ainst lateral pressure, and Ihc explosion does not affect or shock 
it at any point. The ports arc large, and the action of the motor is 
not affected adversely by their large size. 

Moiit of the time, during which the pressure in the cylinder is 
considerable, the sleeves travel in the same direction as the piston, 
thereby minimizing the pow-cr required for moving the sleeves. FSg. 
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81 shows that both sleeves move up with the piston during the com* 
pression stroke, and that the Inner sleeve moves down with the 
piston during the power stroke. The outer sleeve, however, moves in 
opposition to the piston during the power stroke. Mr. Knight states 
that tests made on a six«cylinder 75-horscpower motor showed that 2 
horsepower was required for driving the half-speed shaft. 

Lubricaiian. The early Knight motors depended entirely upon 
splash lubrication for their oiling. The engine shown in Fig. 7S, the 
oiling system of which is shown in Fig. K2, has a combined .splash- 
and prcssurc-fecd-lubrication system. Crankshaft In'iirings, pump- 



shaft bearings, and the silent chains driving tin* eccenlrir shafts, arc 
fed from the pressure system. DipiMTs secured to die hoa<ls of the 
connecting ro«ls splash into oil troughs hK jitcfl under the connerting 
rods an<i form a mist of oil which is thrown on to the connccling-rod 
and wrist-pin bearings, the pistons, sleeves and sli-eve connecting 
rods, and eccentric shaft bearings. The troughs are so arrange<l that 
they are raised and lowered as the throttle is optmed and closed, 
respectively, so that the higher the s|)oed the <le<*pfr the dippers on 
the connecting roils splash Wluw the surface of the oil in the troughs. 
The motor shown in Fig. 79 is lubricatnl !»y a )>n*ssurc-fccd system. 
The flow of oil delivered under pressure is determined by a valve 
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whif-h is so connectetl iis to opi‘n aiul dose witli the throttle. There 
are no oil grooves in any of the crankshaft l>carings. 

The motors depending ii|M)n s])lash lubrication for the sleeves 
have numerous oil holes drilUnl in tlie pistons, so that the splash may 
pass through to the shaves. All Knight ntntors, as made in this 
country, have oil ludcs in tlie sleeves, so that oil may pass from tlie 
inner to the outer sleeve, and from there to the cylinder wall. This 
is the ca.se whether the luhruation system is s]>lasli or pressure. 
The shwes, in every case, have oil grooves cut on the outer snrfai;e 


Fif. S3. SIccvM of Moline-Kaisht Motor 
C^urfr--'/ 0/ St Autuinobtit Compnii)/, Eatl .Vofin^, rff»n«ii* 

l»y which the (»il is distributed arouml tbc circumferenee. 'I'he btrms 
t*f the inner and outer sleeves, showing the various systems ttf oil- 
grtHtving, are shown in Fig. S!.). 

The oil works Ix-twecn the sleeves, between tlie outer sleeve and 
the eylinder wall, and between the inner sleeve and the piston, aitleil 
by the silt-tion in the ports during the inlet stroke. The up{)er eml 
of the sleeves, above tbc ports, are lubricated by the suction on t<»p of 
the sleeves between the eylinder wall and head, due to the downwani 
movement of the sleeves during the exhaust and the first part of the 
suction strokes. 

Fig. 84 shows a part sectional view of a Knight motor, having 
one cylinder intact, the next with the cylinder wall cut aw ay to show 
the outer sleevei the third with the outer sk^cve cut away show ing the 
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inner» and the last with the inner sleeve out away showiitg the piston 
and the cylinder head cut on the center line sliowini; its cross section. 

Automobile Motor Rating. The formula for the brake horse- 
power (b.h.p.) of an engine has i)een given in the section on "Ther¬ 
modynamics'’. Several empirical formulas have been devised for 
small high-speed engines, which give fairly accurate results if the 
engine under consideration is of the same dimensions, has the same 
shape of combustion chamber, ami opt'rates under the same condi¬ 
tions as tlie engines from which the i‘in))iricul constants were obtained. 

h'our-Cycle formulas: 

Institution of Automobile Engineers (rih'ut Britain) formula 


b.li.p = 0.-tr.(/>-l.lS) (/.-!-/>) 
.A.I..A.M rating birnnila , 

Roberts* formula 


Royal .\uto Club formula 


b.h.p. 


IS,000 


.[R±JUi 

9.!)2 


In these equations, /) is the piston diameter in inelies; /. is the stroke 
in inches; it is the revolutions ))cr minute; and X the numlH*r of 
cyliinlers. 

The 6rst of these formulas is intende<l to give the maximum 
horsepower which can safely be obtaitmi from an engine of given 
cylinder dimensions under tiie most favorul>le euiulitions; tlie siM'ond 
is intended to give the power when the motor is running with a pis¬ 
ton speed of 1000 feet per minute, a nominal spetnl which can be 
exceeded by most motors. The first formula gives t he highest results, 
the second the lowest, the third gives restilts whi( h very cli>sely 
approxiihate the actual, and the fourth is an average between the 
6rst and second 

Racing-Boat Formulas, The following formulas for high-speed 
ladng-boat engines of the four-cycle type, arc based or> 1000 feet 
per minute pbton speed. For engines of ordinary design, two-thirds 
of the above values should l>c taken; 10 per cent should be added to 
the ratings if the charge is forced into the cylinders by any mechan¬ 
ical device. 




ril. 85. Sortion of Two-Cyrio Nlflrine Kntiiio 
CoHrUsn u/ (Jrajf Mviar Cumpiinv, Ortroil, MirKijiin 

T}co-Cyrtf Fonnnla.t. Tlmr formulas for tAvo-f-yj'lo raf'lnf^-boat 
engines, the first by Hol)erts. atid the next two hy the A. p! B, A.» 
are as follows; 

. n^LliX 

'■■'’•“irwK) 

. »>.v 

■‘’■’lMOOS 

^■‘’■” 12.987 
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The preceding formulas by the American Power Boat Associa¬ 
tion are only for raeliig-boat engines. For ordinary twonycle boat 
engines, two-thirds of the value resulting from the use of these for¬ 
mulas should be taken. 

Marine Engines 

Increased Use of Two-Cycle Motors. Tl»e principal difference 
between marine and automobile practice is in the much more extended 


n 



Fi(. SC. F-rro T«o^Vc> 9 Mafinc Motor 
Courtttif «'/ t'rrro Mitfkiitt iind Fu^wlry Cumj/nnif. t'lfrrinnil. Ohio 


Use of two-t'vcle engines for small powers in motor boats. Where 
f(.ur-cyc|p engines are used, they do not differ appreciably from 
8'itomobile engines, exo<>pt that they are very generally made 
stronger and heavier, and often of larger size and low'er si>eed. The 
use of two-cycle engines is more prevalent in marine practice than in 
stationary practice, because of the fact that the increased power for 
a given weight of a two-cycle motor is of more importance than the 
increased fuel consiimption. The motors shown in Figs. 85, 86. and 
87 are most frequently used In pleasure boats. 
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Motor with Bxtra Ports* TIte motor shown in Fig. 85 has a 
set’oiu! port <-ontrolled hy a valve whuh is valuable for giving good 
control at low spet'd and which makes for easy .starting, and a third 
port which is uncovered near the top of the piston stroke, which 
increases the pressure of the charge in the cy luider and consequently is 



ri|t R7- Safth.nal Virw of PoHablv Motor 
CMrtriy 0 / ("a>aw l'n/t(tion Mtlor Vampaity, Dttroil, Mitkioan 


valuable in increasing the power, particularly at high speeds. The by¬ 
pass plate in the transfer port carries a device to prevent back-firing 
in the crankcase; it works on the same princi}^ as the miner’s lunp. 

Rowboat, or Portable, Mot<w. Thexnotor shown in Fig. $7 is 
a recent development for rowboats. The horizontal flywheel in thb 
type of motor has a gyroscopic effect and aids in steadying the boat. 
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Aeronautical Motors 


Characteristics of Light Weight and High Reliability. This 


type of motor ditfers from otiier high-speed motors in that the weight 


for the power developed 
must be a minimum, while 
the reliability must be a 
maximum. The cost of man¬ 
ufacture is relatively unim¬ 
portant, consequently many 
refinements of construction 
are available which could not 



be considered for the other 
high-speed engines. For in¬ 
stance, pistons arc finislusl 
all over, cylinders often ma¬ 
chined from a bar of solid 
steel, and the connecting 
rods drilled oct to reduce the 
weight asfar as possible. In 
addition to this, extremely 
short strokes and a saving 
in crankcase and crankshaft 
weight by so arranging the 
cylinders that the same 
crankshaft and crankcase 
serve two or more rows of 
cylinders and reduce the 
weight to as low as 1.75 
pounds per horsepower. 

Arrangement of Cylin* 
ders. The most usual ar¬ 
rangements of the cylinders 
are shown in Fig. 88, where 



(a) is the V-type, (b) the fan 
type, and (c) the radial or 


TypinJ Arraaieipuiu for 

AervBWtickl .Motora 


star type. The V-type is the most common, the number of cylin¬ 


ders running as high as twenty-four. An example of an eight- 


cylinder Curtiss motor of this type is shown in Fig. 89. The radial 
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Fit. M. CurliM 90.100 II. P. Model O-X Motor 
0/ Curtin Mutor C,>mp,v,y, lIammoHJ>,poH. Ntv Tfifk 


' type may have either the 
cylinders stationary and the 
crankshaft revolving, or the 
' ll^ ^ jf ^ crankshaft stationary and the 

cylinders rt‘Volving. In the 
latter <’a.se a heavy flj'wheel 
effect is obtained without the 
use of a flywheel. The best- 
known example of this type is 
the (inome motor, shown In 
Fig. 90, a motor which has 
probjd>ly been more widely 
used for aviation work tliM 
any other. The rapid rota- 
•“* tionofthecj’lindersandtheuse 

« ^ ^ of fins on their outsides makes 

adequate air-cooling easy* 
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LOW-PRESSURE OIL ENGINES 
Characteristics. The field for the use of the oil engine is very 
extender!. It is the most eompaet of the heat engines, requiring 
nothing equivalent to ixriler or g:is generatt>r, and consequently is 
inherently the most suitable for purposes of transportation. Its 
extensive arloption in stationary plants is being followed by its appli¬ 
cation to locomotives and to large vessels. The absence of brnler and 
rtf gas-generator losses makr s it both potentially anri ac tually the 
most eflicient of all heat engines. 

Oil engines in which the fuel is gasified in r^xternal va|>ori/.ers 
do not differ from gas engines as far as the ertgine itself is eoneerned. 



Fie. ^1- I-otiei(u<l>nal Srciion nf M»rtiNliy>Akr»v<l Oil KneinC 
Cftufifty ef Dt hi M<ifhine Comintny. AVir Yv'k Cily 


Any gas engine may be fitted with an external vaixtrizcr if the com¬ 
pression is not so high as to pre-ignite the charge. ron:>equently, only 
those engines in which the fuel is vaporized within the cylinder will 
be here described. 

De La Vergne Type H. A. OH Engines. Fig.s. 91 and 92 show 
longitudinal and transverse sections, respectively, of this engine. 

Vaporizing Apparaina. The vaporizer in this engine has been 
schematically sho^yh in Fig. 37a and described on page 83. The 
vaporizer consists of two parts—the vaporizer jacket and the vapor¬ 
iser cap. The vaporizer jacket is bolted to the cylinder head and 
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connects with the cylinder through a narrow passage; the vaporizer 
cap consists of an unjacketed gun-iron thimble, heavily ribbed on the 
inside to increase its surface, and 
is bolted to the vaporizer jacket. 
The fuel is generally stored in a 
tank outside the powerhouse, from 
which it is raised by a small rotary 
pump, driven by the engine, to a 
standpipe io<‘ated near the engine 
base. The pump keeps the stand¬ 
pipe filled, and an overflow pipe car¬ 
ries the surplus back to the reser¬ 
voir. The oil is withdrawn from 
the standpipe by the oil pump 
shown in the transverse section, 
injected into the vapor- 
Ctwu^i»totuv^*Mn<:Kin$ izcr during the suction stroke. 

Inc pump IS actuated by the inlet- 

valve lever, so that the 
two operations are simul- 
taneoiLs. 

Repdaiim. The reg¬ 
ulation is secured by 
varying the amount of 
oil injected in proportion 
to the load. The gov¬ 
ernor lever controls the 
double by-pass valve 
shown in section in Fig. 

93, and separates the oil 
handled by the pump 
Into two parts, one of -r 
which enters the vapor- 
iwr, while the other 
iBows back to the reser¬ 
voir-—the returning oil 
may be seen through the 
gH. gl«. in the «tum 






CAS AND OIL ENGINES 


155 


pipe. When operating under ordinary coiwHtioiis of load, the gov¬ 
ernor opens only the small inside valve. If the engine should tend 
to speed up, both the small inside valve and the large concentric 
outer valve will he opened and all of the oil will he by-passed and 
none of it will be injected. This arrangement prevents any pos¬ 
sibility of tlie engine running away. 

These engines operate suecessfully on kerosene, any of the crude 
oils produced in the Eastern and Middle State's, or nearly all of the 
distillates and residual fuel oils 21® Ilaumc or lightcT. 

. The abrupt contraction of the vapori/er neck prevents any 
carbon which may be dcpositc?d in the vaporizer from getting into the 
cylinder. The construction of the vaporizer cap permits of easy 
removal and cleaning, which should be deme at intervals of approxi¬ 
mately a week, dc|)t*nding upon the quality of the fuel and the 
load carried. 

Midi and Weiss Two-Cycle Type. A»iothcr low-pressure oil 
engine of a slightly clifferent type is shown in Fig. ‘18 atid descrilR'd 
on page 8.5. As this is a two-cycle engine, air is taken int(» the 
closed crankcase from the interior of the base through the .suction 
port when that is uncovered by the piston, near the end of the com¬ 
pression stroke. The air enters the cylinder (after slight pre- 
compression in the crankcase) through the air port ifi the way usual 
with two-cycle engines. It carries with it whatever steam has been 
formed in the jacket, the steam coining from the chamber E through 
the pipe F to the transfer port. The water level in the jacket is kept 
constant by a float. The exhaust oe< urs through tlie port G at the 
same time as the admission of the charge through the transfer port, 
the deflector plate on the piston preventing the charge from blowing 
directly across the cylinder and out of the exhaust port. The oil'is 
injected during the compression stroke onto the projecting lip of the 
hot bulb C, in-stead of into it, a.s in the engine previously described. 

MIetz and Weiss 'Three-Cylinder Engine. Fig. 94 gives a 
section of a three-cylinder vertical engine of this type. The oil 
distribution to the cylinders is obtained as follows: The oil pump is 
driven from a shaft which runs as many times faster than the crank¬ 
shaft as there are cylinders, and is so set that each down stroke of the 
plunger coincides with the upstroke of each piston in turn. The oil 
is delivered from the pump to a distributor, which runs at the same 
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speed as the engine shaft. This <]istributor consists of a disk with one 
port, through wliich the oil passes on its way from the pump to the 
cylinders, and a ease which has as many outlets for oil pipes as there 
are cylinders. The distributor disk is so set that it uncovers in turr, 
the oil outlet to the cylinder whose piston is on the upstroke while 
the ptimp plunger is on its down stmke. 

Crossley Oil Engine. An English oil engine with internal 
vaporizer is shown in Fig. 95 and a cross section through the combu.s- 
lion charalwr ami vaporizer is given in Fig. 96. The vaporizer con¬ 
sists of a loose cover secured 
in place by a circular ring. It 
is fitted with an ignition tube, 
by the aiil of which the start¬ 
ing of the engine can be 
effected in alwiit five minutes. 
The oil sprayer is fitted in a 
water-cooled portion of the 
breech end, opposite to the 
vaporizer. The fuel is injected 
at alniut the end of the com¬ 
pression stroke in the form of 
finely divided spray. Part of 
this passes through the hot 
impressed air in the com¬ 
bustion chamber and impinges 
on the vaporizer. Ignition 
takes place as the »rank passes 
the inner center, and the piston is then driven out on the power 
stroke. 

(Hi Pump. The oil pump, Fig. 97, consists of a broijze body 
with steel valves and fittings. It is worked by means of a steel lever, 
which, in turn, is operated by means of a cam on the side shaft. ITie 
pump, pump lever, and cam work in an oil bath to ensure thorough 
lubrication and quiet action. 

Governing. The governing of the engine, Fig. 97, is effected 
by means of a system which varies the time at which a control valve 
is opened, and through whicli any oil not required returns to the 
suction side of the oil pump. The cohtrol valve is opened by a wedge 
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being interposed between the 
end of the control-valve spin¬ 
dle and an- arm on the oil- 
pump lever. The wedge is 
raised or lowered by a cen¬ 
trifugal governor, and the 
time when the control valve 
is opened depends on the 
position of the wedge, the lat¬ 
ter in turn depending on the 
speed of the engine. An im¬ 
pulse takes pla('C on cat'h 
cycle, and the power of the 
impulse is graduated acTord- 
ingtothe^pecd and the load 
on the engine. 

The important feature 
of this gear is that the oil 
pump, which has a constant 
length of stroke, always be¬ 
gins to deliver the oil through 
the oil sprayer at the same time 
and at the same speed, an<l there¬ 
fore the spra>'ing is equally effi¬ 
cient at all loads. Also, the actual 
governing effect takes place at 
the moment the oil fuel is being 
injected and burned. 

When working on lighter 
loads, the wedge comes into ac¬ 
tion sooner, with the result that 
soon after the pump begins to de¬ 
liver oil the control valve opens, 
the injection of oil through the 
sprayer sudd^ly ceases, and the 
pumpdeliverstheremainderofthe 
oil through the control valve back 
to the suction side of the pump. 
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Indicator Cardi. Fig. 9$ shows indicator cards obtained from 
this engine. The method of governing give#good*efficiency, not only 
at the maximum lo^, but also at retluced loads. In a recent test the 
oil consumption pt‘r brake horsepower per hour did not vary more 
than 5 per cent above .44 pound (.38 pint or 200 grammes) from 
maximum load to halMoad. 

An oil heater is used with the more viscou.s oils for the purpose 
of heating the oil sufficiently to make it flow easily through the pipes 
and pump. The heater Ls secured to and heated by the exhaust pipe. 

DIESEL OIL ENGINES 

Diesel engines, with the exception of the fuel atomizers, oil 
pumps, and injection air c'omprcssors, arc similar to gas engines in 
details of construction, except that they are built heavier to with¬ 
stand the higher pressures obtaining with this cycle. The Diesel 
cycle can be carried out cither in four strokes or in two strokes. 

STATIONARY DIESEL ENGINES 

Four-Cycle Type. Ifusch-Sulzer Engine. In the engine shown 
in Fig. 9fl, the valves are locatetl, one over the other, in a valve 
chamber to the side of the cylinder. The shape of the clearance space 
resulting from this location of the valves, together with a fiat piston 
and cylinder head, is not as favorable to the best combustion results 
as a spherical shape would be. The atomizer is horizontal and is 
shown in Fig. 39, and described on page 88. The high-pressure- 
injection air is fumishe<l by a separate two- or thire-stage eompres.sor, 
l)elt-driven from the engine shaft or motor-driven as desired. The 
engine is air-started by means of a special starting valve. 

Fulton-Tofi Engine. The engine shown in part in Fig. 1(N) has 
an “A” frame, which forms not only the frame but also the cylinder 
jacket. The cylinder wall is formed by a liner set into the top of the 
frame, thus making it possible to use two grades of iron especially 
suitable for the purposes to which they are put—a soft iron for the 
frame, to insure a good casting; and a hard, diagramed iron for the 
liner, to withstand the wear. This construction also makes it possible 
to replace the cylinder wearing-surface without scrapping a whole 
cylinder, and also permits of longitudinal expansion of the liner to 
oorre^nd to the unequal heating of the jacket wall and cylinder 
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liner. Both the exhaust and inlet valves arc located in the cylinder 
head. With this construction the head can he dished and, together 
with a dished piston head, forms a combustion chamber which is 
nearly spherical in shape. The atomizer, Fig. 40, is located in a ver¬ 
tical position in the center of the head; this, with the spherical-shaped 
combustion c hamber, tends to promote the most efficient combustion. 



F«*. M- SectiowJ Vkw ol » IMc** Oil Ea»ne 
of Bmotk-HuitTr Brathtro-Difft ffwfltne Company, Bt. lauio 


The fuel-valve lever ismounted on an eccentric pin; by rotating this pin 
to various portions, the lead and length of opening of the fuel valve 
may be varied while the engine is in operation to secure quiet and eco¬ 
nomical operation at various lodds. Each cylinder is provided with an 
air-operated starting valve to which air is admitted by a rotary dis¬ 
tribute driven by the camshaft. In the larger sizes, the heads of the 
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pistons ore water-cooled—the water being admitted and discharged 
from this jacketbytclescopetubes,a3shawninFig. 100. Thecylinder 
IS oiled by a force feed pump delivering oil at four points around the 
bore, the timing of the discharge and the level of the points of intro- 



fit 100 )\ilt«>B-T<Na DmwI CagiM, Showtag CooHiig-Wawr AmagciBeat aa 
Apttlitd to PiatoB ul Large Ett^aea 

fellea /r«a A. Lmu, IfiaMim’ 


duction being such that the oil is forced in between the packing rings 
as the piston approaches the lower end of the stroke. Two-stage 
compressors are used on the smaller sizes of engines and three-stage 
on the larger. An inter-cooler between the stages and an after-cooler 
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for the discharge from the high-pressure stage are provided. The low- 
pressure intake valve is governor-regulated so that only the amount 
of air called for by the load is compressed, thus relieving the com¬ 
pression of extra work. 

.Snoic Engine. The engine shown in longitudinal sectional view in 
Fig. 101 is a horizontal single-acting four-cycle Diesel engine. Thp 
jacket walls of the cylinder are fortneil by the end of the frame casting, 
and the cylinder wall is formeiJ by a removable liner placed within 
this casting. Guides for a crosshead are provided in the frame so 
that the cylinder liner is relieved of the wt^r due to the thrust of the 
connecting rod. 



Two-Cycle Type. The fact that air, only, is admitted and com¬ 
pressed in a Diesel engine makes it peculiarly adaptable to modifica¬ 
tion to the two-cycle principle without loss of efficiency. In the Otto 
two-c>dc engine, scavenging is obtained in one of two ways, either 
one cf which leads to a loss of thermal efficiency. In one, the scav¬ 
enging is obtained by means of the fresh mixture, in which case the 
scavenging is either incomplete, leading to loss of efficiency because 
of the presence of the unexpelled exhaust gases m the fresh mixture, 
(H* it is complete, with the result that some of the mixture is lost out 
of the exhaust port, as it is practically impossible to close the exhaust 
at exactly the right instant. The other means of scavenging is to 
foroe the exhaust gases out by a blast of scavenging air before the 
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admi^ion of the mixture; this leads to inefficiency, since it destroys 
the proper mixture proportions. 

In the Diesel engine, however, since tlie charge is air alone, the 
scavenging can be complete without the loss of anything but air to 
the exhaust. The combustion is, therefore, as complete as in a four¬ 
cycle Diesel engine and no fuel is lost to the exhaust. Since the power 
of a Diesel two-cycle engine is nearly twice the power obtainable 
from a four-cycle engine of the same dimensions—the power neces¬ 
sary to drive the scavenging pump being the only additional loss— 
the two-cycle engine is particularly well adapted for use in marine 
work, where weight and spac'e per unit of power must be saved, or 
for large stationary engines in cities, where saving of space is of 
importance. 

In ail two-cycle Diesel engines, as at present constructed, the 
exhaust ports, locat^xl in the cyliiwler wall near the bottom of the 
piston stroke, are uncovered by the piston. This leads to a simpli¬ 
fication and saving of weight in the valve gear. 

MARINE DIESEL ENGINES 

Both four^ and two-cycle engines are used for marine service, 
the two-cycle seemingly being the better suited to the service because 
of tlie greater power per unit weight and because of the fact that such 
an engine is reversible, while a four-cycle engine must have a reversing 
gear. The principal difference between stationary and marine four¬ 
cycle engines is that the marine engines have enclosed box frames 
which are conUnuous throughout the length of the engine, instead of 
“A” frames, as is the more common practice in stationary engines. 

Two-Cycle Type. CaTtU‘Dta€l Engine. The engine shown in 
Fig. 1(K is a four-cylinder reversible two-cycle marine engine pro¬ 
vided with crossheads instead of trunk pistons. The bedplate, 
narrow '*A** frames, and the method of carrying the cylinders are in 
accordance with marine steam-engine practice. The cylinder liner 
is a separate casting pressed uito the cylinder casting, with the exhaust 
ports cored out so that water from the cylinder jacket can circulate 
through and keep them cool, as in the half-sectional view. Tbe 
exhaust chamber, in back of the cylinder-Uner exhar^ ports, b 
entirely contained in the cylinder jacket. At the bottom of the liner 
b a lantern rin^ Fig. 103, communicating with a passage whidi 



Fig. 102. 13001.U.P. CarrU Two^yclc Dteael Esgitke of Siiv^.flrrev Motor Ship “EovntOM’* 
CourUn 0/ "Tin Bngiimr", iMndvn, fnpfand 

vis, the fuel-injection valve, starting-air valve, safety valve, and four 
scavenging or inlet valves. The cylinder head is dished upwards and 
forms, with the dished piston head, a favorable combustion space. 
The atomizer is similar to that shown in Fig. 40. 
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The piston, Fig. 10.% is in two parts, the upper part being 
water-jacketed, and the lower portion being an internally ribbed 
shroud, merely to cover the exhaust jwrts 
and retain the lantern rings in place at 
the end of the engine stroke. The piston 
is carried by a piston rod provided at its 
lower end with a emssheud sliding on two 
guides, one on either side of the frame. 

The piston jacket water is admitted and 
discharged from the jacket through the • 
piston rod by means of swing-joint pijx*s. 

The injection air-compressor of the 
Carels engine is a four-cylinder, three- 



Pic 104. Pu«l lojeetioB VbIv« of 
Csnb Marine T««-Cycl« 
Dieacl Eactae 

Pic m Section «f Carela-Die^l Encine Cyliader Court**,, ■■Enffintnin,'’. London. 
Ceurtoy o/ "BHgintiriKg", London, SngUind England 

stage compressor and is driven from the forward end of the main 
crankshaft by an overhung pin. The ^’avenging pumps are driven 
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by link» and walking beams from the crossheads of the set'und and 
third eyliiiders, the valves being actuattHi by eeeentries on tl)C main 
cnuikslinft. Air for these pumps is drawn in through silencers to 
retluec the noise in the engine room. In each elbow, leading from 
the exhaust chamber around eceh cylinder to the exhaust header, a 
sprinkler is loeatetl, to extract the heat from the exhaust gases. 

The fuel-injection valve is novel in <lesign, in that ri'ciprocating 
motion through a packed gland is replaced by rotating motion to 
avoid sticking. This is accoinpH.shed by entirely inclosing the injec¬ 
tion-valve stein atul actuating spindle and packing the os<'illating 
actuating spindle at either end, thus removing the necessity for 
packing the itije< tion-valve stem. I'ig. KM shows a vertical cross 
section of the injection valve and atoini/er casing. The injection 
valve is of the pressure-balanced type—balanced by the injcction- 



Fi(t. 103. B«co Oil'BurDiag Two.Cycle Dieiel Engine 
Ct>urf<sy <•/ Tht Drvwn tngtnt Company, FilMurg, Ma$iaekuitl’.$ 

air pressure—and thus needs only a light spring to return it to its 
seat. The fin*l-injection valve lever rotates the spimllc, to which is 
kcyetl the actuator II which raises ihc valve and admits the fuel and 
the injection air to the cylinder. The injection-air inlet is at K, 
and that for the fuel at L. 

Reversing is acx'oinplished by the use of two sets of cams—ahead 
and astern—for each of the fuel-injection and starting-air valve 
levers and by rotating the camshaft through 32 degrees with respect 
to its angular relationship to the crankshaft—thereby reversing the 
opening of the scavenging air valves. 

The Diesel motor is coming into use as the auxiliary for sailing 
ships of the largest size as well as for straight power ships. The 
leading dimensions of the motor ships launched during 1913 are given 
in Table Xlir. 

Bec<hDie»el Engine. The engine shown in Fig. 105 is a single- 
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cylinder, horizontal, double-acting, two-cycle type of engine—the 
only valves being the fuel-injection and air-starting valves at each end 
of the cylinder. These valves are operated by the lay shaft which 



runs alongside the engine, supported in bracket bearings. The water- 
cooled piston is supported by a main- and tail-guide crosshead so that 
it does not wear on the bottom of the cvlinder. Tn the tail-imiHe 
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head is attachc<) a vertical walking l)cani which drives the scavenging 
and injection-air compressors, located usually on the floor below the 
engine. The air charge is admitted and the exhaust gases driven out 
through ports in the cylinder liner, which are uncovered hy the piston 
in exactly the same manner as is the case in a two-(x>rt two-cycle 
gasoline engine. 

De La Vergne Modified Diesel Engine. The engine, Figs. 100 
and 107, is a combination of the Diesel j)rinciple with the hot bulb 
arrangement. The engine operates on the four-stroke cycle and 



Fi*. 107. Tratuvercr 8<'rlioa o( De I.a Verunc Oil Kogino. T)'pe 'I'H*' 

CourltfU of Dt Iai Vffont Mnrktnf Canpany, S’fw Ci/v 

compresses the air to 2.')t) to .200 pounds instead of 500 pounds as in 
the Diesel engine. The teni|)erature thus obtained wouW not be 
high enough to ignite the fuel; recourse is therefore taken to a hot 
bulb, the air in which, owing to the heat radmted from its uncooled 
walls, attains a higher temperature than that contained in the com¬ 
bustion chamber. At the end of the compression stroke the fuel is 
injected by means of an air blast of about 600 pounds pressure from 
the injection nozsle—shown in Fig. 41 and described on page 80— 
across the combustion chamber into the hot bulb, where it is immedi- 
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ately ignited. Owing to the comparatively long distance the fuel 
spray has to travel after it leaves the nozzle until it is ignited in the hot 
bull), ignition first produces a considerable pressure increase (com¬ 
bustion at constant volume), which is followed by combustion at 
approximately constant pressure. This is sliown on the two 
indicator cards, Fig. 108, where it will be noticed that the maxi¬ 
mum pressures arc very nearly 500 pounds, i.e., al)out the sjime as in 
the Diesel engine. A.s far as strains in the engine arc conc*crned there 



is, therefore, not much 
di(Tcn*iu‘c l)etwcen these 
two tyiH's. It must be 
remembered, however, 
that in the Diesel engine 
this high pressure must 
Ik* ohtaiiKKl at the end 
(»f the compres.sion stroke 
in onler to secure igni¬ 
tion, while in the Dc lia 
Vergne engine, ignition is 
certain at al>out half that 
pressure;. 

The details of me- 
ehanieal design arc very 
similar to Type "HA” 
engine shown in Figs. 91, 
92, and 95 and described 


t"!*. lOS. Typicftl IndicAtAf r«rds Taken from T>'pe pagCS 153 tO 155. 

"Fir’ EoKin* . . 

CourUt^ «/ Dc U Vtrgnt Mackint Compnny. 1 nC VaponZCrS III thC tWO 

Sev Y«rk C\tu . i > -i 

engines may be similar, 
the only difference being that in Type “KH” it is located in the side 
of the cj^inder head opposite the injection valve instead of in the end 
of the cylinder head. The inlet and exhau.st valves are located in 


the cylinder head, one over the other, and are actuated by cams and 
levers. The injection-air system on thU engine is that described on 


page 174, the high-pressure stage of the compressor handling only 
the amount of air necessary at that moment for injection. The 


two-stage compressor is mounted on the side of tie engine frame 
and is driven by an eccentric on the crankshaft. 
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The governor, on this type of engine, besides relating the 
•mount of the air charge admitted to the high-pressure stage of the 
compressor, also regulates the amount of oil injected by varying the 
stroke of the oil pump to suit load conditions. The method of 
obtaining this effect is shown in the transverse section, Fig. 107. An 
eccentric, mounted on the end of the lay shaft, has a link pinned at one 
end to the eccentric strap and pivoted to the bracket bearing at the 
other. Between this link and the bell-crank lever, the long arm of 
which is parallel to the link, is a roller, the position of which is regu¬ 
lated by the governor. As the engine speeds up, the gov/jrnor rises, 
pulls the roller up with it, and reduces the amount of motion trans¬ 
mitted through the roller by the link to the bell-crank lever, until, 
when the governor is at the top of its travel, no motion is transmitted. 
The short arm of the bell-crank lever is attached to the oil-pump 
plunger and forces It on its down stroke, the return stroke being made 
under the action of a coil spring acting on the plunger 

DIESEL Fl'EL-OIL PUMPS 

Characteristics of Pump System. In the Diesel engines, with 
closed-nozzle injection, the space into which the oil is delivered is 
always in communication with the injection air at a pressure of from 
750 to 1000 pounds, so that the oil must be delivered gainst this 
high pressure. The quantity of oil to lie delivered is small, especially 
in the case of the original Diesel engine where there was a separate 
pump for each cylinder. Since the work of the fuel-oil pump is in no 
direct relation to the cycle of events in the cj'lmder, it is possible to 
use but one pump for all the cylinders in a multicylinder engine. 
The pump delivers the oil into a distributor where, by means of a 
scries of check valves and restricted passages which artificially 
increase the resistance to flow, it is equally divided into as many 
streams as there arc cylinders. * 

Type of Plunger. Positively operated plungers (operated by an 
eccentric) are generally preferred to those operated by a cam. In the 
latter, the stroke is varied according to the load by letting the gov¬ 
ernor shift a wedge block in between the cam and the plunger. In the 
former, the displacement of the plunger is constant and laiger than 
that required for the maximum charge of ^uet oil; the excess oU is 
discharged through the suction valvei the opening and dosing (rf 
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which is determined by the position of the governor. This valve and 
also the mechanism for its operation are constructive elements which 
require the utmost care in design as well as workmanship, as the 
accuracy of fuel-oil delivery depends, primarily, upon their proper 
action. Frictional resistance of the valve, which is likely to prevent 
its prompt closing, is especially important and must be reduced to a 
minimum. It is therefore not advisable to have the valve stem pass 
through a stufBng box. The best practice at present is to use a 
poritively operated plunger for the operation of the inlet valve, this 
plunger passing through the stuffing box and thus practically elim¬ 
inating friction as far as the valve is conccnied. 

In the case of the open nozzle, the fact that the oil is dcliverc<l at 
the start of the compression stroke against the low pressure then 
existing in the working cylinder makes the oil pump a comparatively 
simple piece of apparatus. 

INJECTION AIR SUPPLY 

Use Two- or Three-Stage Compressor. In all the various 
types of modern oil engines the apparatus required to obtain the high- 
pressure injection air forms a comparatively complicated, and there¬ 
fore expensive, accessory. A two- or three-stage compre^r must be 
provided, in which the suction valve, on either the low- or high- 
pressure stage, must be fitted with a governor-regulated adjusting 
device to vary the amount of air drawn in, according to the oil 
charge. Intercoolers between the stages and an after-cooler after 
the high-pressure stage must be provided to keep the air cool enough 
to prevent pre-ignition in the injection nozzle. 

Storage Tanks. In most engines there is provided a tank or 
tanks for the storage of the injection air, and this tank must be 
fitted with three valves; one to close it off toward the engine and 
one toward the compressor, and one safety valve. In one of the 
modified Diesel engines, the low-pressure stage of the compressor 
discharges into storage tanks from which the high-pressure stage 
draws its air, the amount being regulated by a governor-operated 
valve to suit the varying charges of oil at each injection. The high- 
pressure lur b dischai^ed directly into the injection-valve cage, 
without the use of an intermediary storage tank. This system has the 
advantage that the air U stored at low pressure, from 125 to 150 
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pounds instca<l of 7.50 to 1000 pounds, which results in lighter tanks 
that, with the connecting piping, are more easily kept tight. On the 
other hand, it is necessary that the high-pressure stage of the com¬ 
pressor should be reliable. 

IGNITION SYSTEMS 

Ignition Requirements. For satisfact<»ry actirm of the engine, 
the ignition of the explosive mixture must be certain, and must m eur 
at H definite, predetermined 
time. In timing the ignition, it 
has to 1h‘ recognized that the 
I'xplosion is not instantaneous, 
but requires a not inconsider¬ 
able perio<l of time to arri\ e at 
the maximum pressure. The 
a<'tual <iiiiation of the c.vpiosion 
depends on the strength of the 
explosive mixture ainl r)n tlie 
aiiMUint of compression to which 
it is subjected. Tlie ignition 
.should have lead— that is, should 
begin Ixdore the end of the re¬ 
turn or compression stroke, so 
that the maximum pressure is 
reacheil when the crank has just passed the deail center. The amount 
of lead varies with the speed, strength of mixture, and other condi¬ 
tions. The indicator card a. Fig. 1()9, is the correct diagram with 
[iroperly timed ignition. If 
the ignition is later than this, 
indicator cards similar to b or 
c will be Obtained, and the en¬ 
gine will do less work and be 
less efficient. If the Ignition is 
too early, the maximum pres- F'i- no. indiworXard«uhTooE»riy 
sure will be obtaineil. Fig. 110, 

before the crank has reached its dead center, and will tend to reverse 
the engine. This causes great shock to the engine, its rapid deteriora¬ 
tion, and lowered efficiency. The immediate external evidence of top 
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the engine. TTiis causes great shock to the engine, its rapid deteriora¬ 
tion, and lowered efficiency. The immediate external evidence of too 
early ignition is a violent pounding noise in the engine. Two 
methods of ignition are in common use in engines using the Otto 
cycle. The first is by exploding the mixture by contact with a surface 
hot enough to cause ignition; the second is by means of an electric arc. 

HOT-TUBE IQNITION 

Method of Operation. A hot tube was the t*oinmon device when 
the first method of ignition was used; this method has fallen into 

disuse in this country with 
improvement in electric 
ignition; in England, how¬ 
ever, this method is still 
used oeeasion.illy on en¬ 
gines using illuminating 
gas. The tube A, Fig. Ill, 
is closed at the upper end, 
and communicates at its 
lower end thrt>ugh the port 
with the cylinder/I. It 
is lieated by an external 
flame from the Bunsen 
burner C.and is maintained 
at a full red heat. The 
cl^imney around the tube 
is lined with asbestos, and 
keeps the flame in good 
eonta<‘t with tlic tulx'. During the admission stroke the tube is filled 
with products of combustion at atmospheric pressure reraaiying from 
the previous explosion. As compression goes on, the nonexpl<»ive 
products of combustion are cre wded into the upper part of the tube, 
while part of the explosive mixture in the cylinder Is compressed 
into the lower part of the tube. The length of the tube and the 
position of the flame are adjusted by experiment, so that the exploMve 
charge will just reach the hot portion of the tube and be ignited at 
the moment when ignition is de-^^iivd. Shortening the tube makes the 
ignition come later. With this device the actual time of ignition is not 
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very deBnite. It depends on the temperature of the tube, the position 
of the Bunsen Bame, the strength of the mixture, and the amount of 
compression. As these last 
two quantities are pur¬ 
posely varied by the gov¬ 
ernor in some engines, ir¬ 
regular tuning would result 
from its use in such cases. 

Use of Timing Valve. 

The irregularity of timing 
with the hot-tube igniter 
can be partly remedied by 
the use of a timing valve. 

The timing valve B, Fig. 

112, is held on its sent by 
a spiral spring V until igni¬ 
tion is desired, when, by a 
movementof the bell-crank 
lever E, the valve opens 
and the compressed charge in the cylinder A gets access to the hot 
tube C. The valve B is kept open until the end of the exhaust stroke. 
The tubes are preferably made of nickel alloy or of porcelain, but 
^ the latter is very brittle and apt to break when 

^ being fastened in place. Iron tubes ore used 

sometimes, but they burn out rapidly and are 
unreliable. 

ELECTRIC IGNITION 

Even when provided with a timing valve, 
the hot tube docs not give very satisfactory igni¬ 
tion; and, moreover, some time is consumed in 
beating the tube before the engine can be started. 
Accurate timing can be obtained best by electric 
Pc- 113. Spuk Coil means, and electric ignition is consequently used 
more than any other. 

Method. The method is to make a spark 
pass, at the instant when ignition is desired, between two terminals 
situated in the clearance space of the engine. The most common way 
of forming the spark is to separate two contact points through which a 
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current has been flowing. An electric arc will then pass between the 
separating contact iroints. In order to insure that the temperature of 
the arc is high enough and its duration sufficient to ignite the explo* 
sive mixture throtigh which it passes, a spark coil, or choking coil, is 
generally inserted in the circuit. A spark coil. Fig. 113, consists merely 
of a bundle of soft*iron wires, surrounded by a coil of insulated cop¬ 
per wire through which the current passes. The contact points of 
the igniter must be brought together to re-establish the current before 
another spark can be obtained. A device of this nature is known 
m&make-atid-breakignUer; and when the contact points do not slide 
across each other, it is called a hammer‘break contact. 

Behavior of Current When Contact Is Broken. The action of the 
electric current when the circuit is broken is analogous to a stream of 
water whose flow is abruptly dammed. The flow cannot be stopped 
instantaneously, since the stream has a certain amount of kinetic 
energy due to the weight of the water flowing and the velocity of 
flow, and this causes it to attempt to overcome the stoppage. This 
kinetic energy cannot disappear and be lost and is, therefore, changed 
to pressure, which tends to blow out the dam. If this stoppage occurs 
in a very long pipe line the weight of water flowing will be greater 
than in a shorter line, in proportion to the relative lengths of the lines; 
therefore, the flow of a greater weight of water mu.st be stopped and. 
consequently, the resulting pressure against the dam will be higher. 

When the electric current is dammed by the contact being 
broken, it also tries to keep on flowing, the pressure builds up, and if 
the volume and length of stream flowing is sufficient to build up 
pressure enough, the current jumps, or arcs, across the gap. If the 
length of current flowing is increased by putting a choking coil in 
the circuit, the pressure resulting from the break is increased, as in 
the case of the longer water line, and will insure the currant arcing 
across the gap, thus making the ignition certain. The choking coils 
usually used for ignition purposes produce an instantaneous pressure 
in the circuit, following the break, of about 5000 volts. 

Mahe^and-Break Ignition 

Ordinary Types. One of the common forms of hammer-break 
igniter is illustrated in Fig. 1H, which shows an igniter plug removed 
from the cylinder head. The movable electrode 6 is at the end of aa 



CAS AND on. ENGINES 


170 


arm fastened to the spindle c. When the interrupter lever d, which 
is loose on the spindle c and is connected to it through a coil spring, is 
lifted by an arm from the camshaft of the engine, it rotates the spindle 
c so as to bring 6 into hard 
contact with the stationary 
and thoroughly insulated 
clwtroile a. This completes 
a circuit and permits a cur¬ 
rent to flow from a to b. 

When ignititui is desired, 
the lever d is tripped and 
flies back, carrying with it 
the spindle c, abruptly 
breaking the contact and 
causing an electric arc to 
form between a and b. The 
contact |H)iiits are generally 
made of plutiniiin, as this does not oxidize or corrode; but other 
metals are also usisl. The passage of the spark takes nihuite particles 
of the material from one terminal attd deposits them on the other, 



the action following the direction of the current. By reversbg the 
current, the material is returned to the terminal from which it was 
taken, thits increasing the durability of the contact points. 



PiL 114. UtmiMr-Rn-ak fsniter Plus Rvmoved 
(rum Cylinder liend 

Courtnp ofOttoGai Eiuiint Wvrkt, Phitadrlpkia, 
y'mn*y/»ania 








180 


GAS AND OIL ENGINES 


An English form of Igniter plug is shown in Fig. 115. 

Wipe BTeak, A make^nd'break contact is sometimes obtained 
by sliding one contact point over the other until it slides off com¬ 
pletely. This is known as a ‘Vipe*’ break. The method insures a 
good contact, produces a very hot spark, keeps the contact points 
clean, but wears them out quite rapidly. Provision must be made for 
adjustment, otherwise the timing will alter with the wear of the 
points. The rubbing surfaces can be of steel. 
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An example of tlie wipe-contact igniter is shown in Fig. 116. 
The stationary electrode fi is a flat steel spring; the moving electrode 
A, which is rotated by the igniter rod, comes in contact with B once 
per revolution, thus establishing the circuit, presses B down, and 
Anally trips it. The abrupt breaking of the circuit causes a good 
spark to pass between the electrodes. The igniter is placed immedi¬ 
ately over the inlet valve E, The thumbscrew C on the igniter rod 
permits the adjustment of the time of the ignition. 

Hammer Break. The igniter gear of an engine with hammer 
break ignition is shown in fig. 117. The igniter rod/, which is aup^ 
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ported on the reel h, receives a reciprocating motion from a crank 
g at the end of the side shaft. During the exhaust or admission 
stroke, the end of the rod / comes in contact with the interrupter 
lever d, as may be seen by comparison with Fig. 114, and establishes 
the contact of the elec.'trodes. The vertical component of the move* 
ment of the end of the rod / sets free the lever d at the moment when 
ignition is desired. 

The make-and-break igniters so far shown are used principally 
on small and ‘medium^power engines. The electrical contact is 
generally made between pins carried in the stationary and movable 
electrodes. These pins, if the engine is small enough, are made of 
platinum. Platinum is expensive 
to replace, especially if the en¬ 
gine is large, thus calling for 
large points and, therefore, .steel 
pins are used, which give very 
nearly a.s gocxl ignition as plati¬ 
num points. 

Igniters for Large Engines. 

Ordinary Type. The design of 
igniter plugs for large engines 
differs only in details from that 
shown in Fig. 114. For instance, 
instead of insulating only the 
stationary electrode, both the 
stationary and movable elec¬ 
trodes are thoroughly insulated in order to reduce to a minimum the 
chances for a shutdown due to a short circuit. With only one elec¬ 
trode insulated, if that befx)mes grounded or short-circuited^ the 
igniter is out of commission; whereas, with both electrodes insulated, 
they musf both be grounded before the igniter will be put out of use. 
Another pointof difference between igniters for large and small engines 
is that for large engines the electrodes have no points or pins. The 
movable electrode head, or hammer, is made of cast iron and the 
stationary electrode, or anvil, of low-carbon steel. With these elec¬ 
trodes the oxidization caused by the electric arc together with that 
caused by the heat of combustion are small and, therefore, the 
ignitm can be run for long periods without cleaning of the contacts. 
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With the make-and-break igniters so far described, it is necessary 
to have a separate tripping device driven from the lay shaft for each 
igniter. In a large double-acting engine, with two igniters at each end 
of the cylinder, this means that four separate tripping devices are 
required on each cylinder, resulting in complication and considerable 
noise. 

Magnetic Make-and^Break Type. It is possible, practically, to 
eliminate the complication and the noise by substituting for the 
mechanical make-and-break device an electrically actuated make- 
and-break apparatus. Such a piece of apparatus is culled a magnetic 
plug: it must always be used in series with a distributor or timer 
w'hich sends current to it at the instant when a spark is desired. 

In Fig. 118 are shown, to the left, the electromagnetic device, 
and to the right, the outside, of a make-and-break plug similar to 

that shown in Fig. 114. 
On passing current 
through the electromag¬ 
net. the armature, which 
is one arm of a bell-crank 
lever, is attracted to the 
magnet, and the other 
arm of the bell-crank 
lever strikes the moving 
electrode. The electro¬ 
magnet is used in series 
with one of the elec¬ 
trodes. The circuit is re-established by the action of gravity. 

A diagram of the wiring from any suitable source of electricity 
to four magnetic igniters is given in Fig. 119. The simultaneous 
adjustment of the timing of the four igniters is effected b^’ rotating 
the timer through the desired angle. 

While these magnetic plugs wluce the noise and the complica¬ 
tion, they have the bad feature that it is almost an impossibility to 
time the ignition accurately because of the effect of magnetic lag 
While their use lor large engines was almost universal a few years ago, 
they are now used by only a few engine builders, in fact, some of tbe 
engines that were equipped with magnetic plugs when first built 
have been re-equipped with mechanical make-and-break plugs* 
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Mechanical Mah-and^Break Type. 
The igniter shown in Fig. 120 is of the 
roost advanced design. The tripping device 
is actuated byan igniter camshaft yl, which 
runs throughout the length of the cylinders 
and is driven from the lay shaft through a 
ratchet, so that if the engine shaft oscillates 
or reverses in starting or stopping, the 
igniter camshaft will not reverse and wreck 
the tripping mechanism. The cam if is a 
knock-<jff cum, the cam gradually increases 
in diameter and then uhruptly dn)ps to the 
original diameter so that the push rod C is 
gradually raised and then quickly returned 
to its original position. The raising of the 
push rod is rc.sisted by the spring />, which 
rt'.sts at one eml in the bracket carrying the 
push rod and at the other on a wllar on the 
push rod. The top of the bracket is fitted 
with a rubber bumper A’. The collar F on 
the push rod is so adjusted that the push 
rod does not strike the small part of the 
cam when the knock-off occurs—in this way 
there is no click of metal on metal, and the 
rubber bumper can do its full cushioning 
work. Above this collar is a hard-rubber 
disk 6', mounted on a threaded steel sleeve, 
so that its position on the push rod may be 
adjusted. The disk <? serves as the hammer, 
which abruptly moves the movable elec- 
titxle // and breaks the circuit. The spring 
is attached to //, which tends to. hold the 
electrodes in contact. When the push rod 
is at the highest point of its travel, just 
before the knock-off, the disk G is set 
with a clearance of an eighth of an inch 
between it and the movable electrode arm. 
When the knock-off occurs, the push rod has 



184 


GAS AND OIL ENGINES 


5)ome distance in which to travel and gain velocity before striking the 
movable electrode arm, thus causing an abrupt break of the circuit, 
and in addition this clearanc^c insures a contact between the electrodes 
before the break is made. Tlie push^rod bracket is hinged and held in 
place by a bolt. The push rod can be made to knock off sooner or later 
by moving the bracket out or in, and thus the timing.of the individual 
igniters can be changed while the engine is running. The bracket 
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is bolted to a pad on the cylinder, clear of the igniter plug, so that the 
latter can be removed for inspection and cleaning without disturbing 
the bracket. The stationary electrode is a steel rod on which the 
anvil ia machined. The movable electrode consists of a steel rod 
screwed into a cast-iron head or hammer, and the end of the screw 
riveted over. It is mounted in a steel tube, a ground 45Klegiee joint 
being provided where the head seats in the tube to prevent leabige 
from the cylinder out through the igniter. The stationary ekebode 






GAS AND OIL ENGINES 


185 


and the tube containing the movable electrode are insulated from the 
plug at both ends by mica washers, cure being taken that the holes 
through the plug are large enough to prevent either touching the 
plug and grounding. A light spring is providt^d under the arm of the 
movable electrode, just stiff enough to prevent the unseating of the 
head during the suction stroke. 

ignition Current 

Baltcries. In small cngijics the current is commonly taken 
from a primary battery, consisting of about five cells. 'I’lie Edison* 
Lalandc cell, made up of two zinc plates and a plate of eom]>res,scd 
copper oxide immersed in u strong solution of < {ins(ie simIji, is |)crliaps 
the most largely used. Dry cells and storage-battery cells arc also 
used. Current is sometimes taken from a dirt'ct-eiirrent lighting or 
power circuit; but this is objectionable, Ik-cuusc the circuit is grounded 
every time the igniter terminals are in contact. 

Dynamo or Motor-Generator Set. The practice is growing, of 
using either a small special dynamo or a magneto-dynamo for the 


exclusive purpose of supplying the current for ignition. This maiccs 
the ignition spark more certain and of more uniform .strength than 
when a battery b used, as the latter deteriorates with use. When a 
generator b used to supply current to a make-and-breakf igniter, 
lamp»~-one or two in parallel—are used in scries with the igniter to 
govern the amount of current; otherwise, too much current would 
flow and the contacts of the igniter would be rapidly burned away. 

A switch, Fig. 121, should always be included in the electric 
oicuit, and should be Uirown out when the engine is not running, 
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in order lu prevent the 8hort>circuiting and consequent exhaustion 
of the batteries. 

When multicylinder engines are used, the ignition circuit is 
closc<l for a large proportion of the total running time, and con.se> 
quently the batteries will run down rapidly. To eliminate the trouble 
and annoyance of fre(pient*refilling of the primary cells, or of fre¬ 
quent recharging of tlie storage batteries, it has become usual in large 
engines, and very common in small engines, to generate the current 
re<iuiretl for ignition by mechanical power. The simplest means of 
act'omplishing this is by the use of a small dynamo driven by the 
engine; but this generates a current whose amount dc|)end3 on the 
spew! of the engine. A battery must be employwl to start the engine; 
when the spewl of the dynamo is sufficient to give the desirc<l current, 
the battery is thrown out of the ignition circuit, and the dynamo 
is put in by moans of a double-throw switch. As the onlinary ignition 
dynamos have self-excited field magnets, the current generated 
increases in a double ratio with increase of specfl; that is, not only is 
the armature speed increased, but the field excitation is increased 
also. Tlic result is that, as the speed increases, a dynamo is likely 
to give an extvssively hot spark, which tends to burn away the 
contact points rapidly, ('onsi'quently, a dynamo is best used on a 
constant-speed engine. If used on a variabKxspecd engine, it is nec¬ 
essary to have a $itred gorernor, which prevents the generator acquiring 
more than a certain desired 8|)eetl; without this, the current at high 
speed might l>e destructive to the generator. The electrical output of 
a dynamo is large compared with that of a magneio of the same »ze 
and speed. 

In la^e gas-engine-tlriven electric-generating stations, the 
ignition current is supplied by a motor-generator set, which is used 
for no other purpose. The engines are started on a storage battery 
and when the main gener.itors arc excited, the ignition mofbr-genera- 
tor set is started and run on the power generated by the engines and 
the ignition switched from the battery to the motor-generator dreuit. 
In some plants, where an outside source of current to run the motor- 
^nerator set is available, the storage battery is dispensed with. 

A dynamo may be used either with make-and-break ignition 
or with jump-spark ignition. In the former case, it is not absolutely 
necessary to havea spark coil m series, as thesdf-lnductionof thearmw- 
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ture furnishes the necessary extra current when the circuit is broken; 
a coil is generally use<l, however^ to increase the pressure after the 
break. With junip>spark ignition, the usual induction coil is necessary. 

Magnetos. General CkamcteriBiies. With a variable-speed 
engine, if a mechanically generated current is to be used, it is best 
obtained from a magneto. The only fundamental difference between 
a magneto and a dynamo is that a magneto has permanent magnets, 
while a dynamo has eleetromagiiets. The strength of the magnetic 
field through which the armature rotates will naturally remain con¬ 
stant in a magneto, while with a self-excited dynamo it iiu renscs with 
the speed. The variation of the current generated with the siK^d, 
will consequently be less in a magneto than in a dynamo. A magneto 
may be run in either direction. For ignition purposes it is not nc(‘cs- 
sary that the current should have constant direction; consc(]uently, 
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ignition magnetos are not supplied with the usual commutators and 
brushes, and they deliver an alternating current. One terminal of the 
armature coil is grounded on the armature core; the other goes to a 
collector ring on the shaft, and is taken off by a single brush. 

The magneto armature may be constructed precisely like a 
dynamo armature with commutators and brushes, delivering <'on- 
tinuous eftrrent. In that case it docs not have to run in step with 
the engine, but requires a spark coil. 

More frequently the armature is of the // type, Fig. 122, with 
a single coil of comparatively coarse wii%. The moUon of the arma¬ 
ture may be 'either a continuous rotation or an oocillatioD. With 
continuous rotation, the current induced in the immature goes from 
sero to a maximum, twice in every revolution. For the spark, the 
circuit is preferably broken when the armature current has its maxi- 


m 


GAS AND OIL ENGINES 


mum vftiue. This is readily accomplished in magnetos which are 
geared directly to the engine by making the speed of the magneto 
the proper multiple of the speed of the engine, the position of maxi¬ 
mum voltage of the magneto being made to coincide with the explo¬ 
sion position of the engine. When the magneto and engine have the 
de«rcd rcladve speeds and positions, they are smd to be running 
in 9t€p or tn ffyncArcmwm. 

Since the time of ignition of an engine should he made earlier 
as the speed becomes greater, it is desirable that the relative positions 
of magneto and engine should be capable of slight adjustment while 
the engine is running. This is ac¬ 
complished in various ways. It is 
not, however, always necessary to 
break the circuit at the point whcie 
the current is greatest, since there 
is considerable current flowing, as 
seen in Pig. 123, for some time 
after the magneto has passed its po¬ 
sition of maximum current. Con- 
. sequently, if the relative positions 
of magneto and engine are fixed 
once for all, so that the current is at 
its maximum when the circuit ia 
broken at the highest speed, then, 
when the circuit is. broken with a 
smaller advance at some lower speed, there will be sufficient current 
for a satisfactory spark. Owing to the intensity of the magneto 
current, the advance of the spark that is required in order to produce 
a sathdactory explosion is considerably less than is necessary in the 
case of a battery current. It is, of course, most necessary to have a 
hot spark when the speed ts highest. * 

The voltage of a magneto naturally increases with speed; but 
the rate of the increase is not nearly so great as that of the speed, 
on account of the reaction of the armature on the comparatively 
weak permanent field. 

Magnetos are used either for make-and-hreak or for jump- 
spark ignition. In the former case, they are low-tension magnetos; 
in the latter, high-tension magnetos. 
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Eledriatl AeHon, Magnetos are of two 1 ) 1 ) 68 : (1) those with 
roUiiing omtUwe; and (2) the indwtor type, with stationary armature 
and rotating segments or inductors. In both types--as in all electro- 
magnetic machinery—the generation of electromotive force results 
from changes in the number of interlinkagcs between magnetic lines 
of force and the coils of an 'riectric conducting circuit. The number of 
interlinkages which any one line of force makes with a closed coil of 
wire, is the number of tunu or loops that it travenu^. The inters 
linkage in any electromagnetic apparatus is the sum of the inter¬ 
linkages of all the magnetic lines of force. 

The voltage (and current) induced at aivy'instant is proportion¬ 
ate to the rate of change of interlinkage. Tonsequently, no current is 
generated when the intcrlinkage is a maximum, for at that time the 
rate of change of interlinkage is aero. 

The direction of flow of the induced current depends on two 
thin^: (1) Whether the interlinkage is decreasing or increasing; 
and (2) the direction in which the magnetic lines of force thread the 
coil. A dccrea.« ^ in the interlinkage with the lines of force threading 
the coil in one direction, gives a current in the same direction as mi 
increase in the interlinkage when the direction of the lines of force 
is reversed. 

Rotaiing Armature Type. In Fig. 122, several posiUonsare shown 
of the rotating H-shaped armature. The long arrows passing through 
the armature represent the lines of force jmssing from the S pole to 
the S pole. The winding a 6 of the armature is shown dfagram- 
maticaliy, and the direction of flow of the current induced in it is 
indicated by the arrows. In position I, all the magnetic lines of force 
pass through the armature; the flux is consequently a maximum, and 
the induced current zero. As the armature rotates to position II, 
the number of lines of force actually threading the armature decreases, 
and a cuhent is induced in the direction shown. From position 11, 
the magnetic flux continues to decrease till it becomes zero, when 
the armature is in the vertical position. From there on, the magnetic 
Auxin the armature reverses itself; that is, instead of going from A to 
B, it goes from B to A, and increases in amount as the armature 
rotates through posiUon III to portion IV, where it again reaches 
its maximum value. The effect of the increase of the reversed flux 
b to give an indited e.m.f. in the same direction as that resulting 
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from the decrease of flux in the original direction. Consequently, the 
e.m.f. is in the same direction while the armature rotates from position 
I to position IV; it starts and ends at lero, and has its maximum 
value while the rate of change of flux is greatest—that is, between 
positions 11 and 111. During the other half of the revolution, while 
the armature is rotating clocWse from position IV to position I, a 
similar action takes place; but the e.m.f. is all the time in the reversed 
direction, as indicated in position V. The current lags somewhat 
behind the e.m.f. 

The variations in the duration or magnitude of the induced cur¬ 
rent depend principally on the design of the pole pieces and armature. 
The magneto shown in Fig. 124 gives the induced current represented 
in Fig. 12:1 while it is moving between the two positions shown—that 

_ is.whileitismovingthrough 

-—an angle of 2.5°. The result 
\ \ of one complete revolution 

of the magneto is an in¬ 
duced current for about 25® 
of rotation; veiy little cur- 
' rent for the next 155°; a 

J current in the reversed 

^_ direction for the next 25°; 

Fif. t24. Mwiwtn Oivinj indur-s CurfcDi Dtinoi and Very little Current for 

remeining 155°. This 
magneto may then he used for ignition twice in its revolution. It 
it is used with (1) a single-acting four-cylinder four-cycle engine; or 
(2) a double-acting two-cylinder four-cycle engine; or (3) a single- 
acting two-cylinder two-cycle engine; or (4) a double-acting one- 
cylinder two-cycle engine, the magneto should run at the same speed 
as the engine. With a single-acting six-cylinder four-cycle engine, 
it must run at one and onc-half times the engine speed, in^order to 
ignite ait six cylinders. 

The ignition can occur only during the comparatively short 
period while current is being induced, and should occur preferably 
when the induced current is at or near its maximum. The form of the 
current curve, Fig. 123, is then of importance in determining the 
permissible variation in the point of ignition while the magneto and 
engine keep in step. A magneto with a curreflt curve that keeps up 
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well, may permit as much variation in the ignition as is desired. In 
Fig. 123, for example, the current will be ample for ignition from 6 to e 
(diat is, for a rotation of the armature of al)out 15 degrees), so that 
there is the possibility of changing the ignition through a range of 15^, 
if the engine and magneto run at the same speed. 

A variation of 15*^ between theearlrst and latest po.ssible ignition 
will be ample for some engines, hut may l>c insufficient for others. 
Variation in the ignition is employed when starting up an engine; and 
also for variable-speed motors, such as automobile engines, when the 
ignition has to be made earlier as the speed increases, so as to give 



Fig. 139. Diagratnii lilurtraUng Aotioa of loduetor Magneto 


rime enough for the combustion to be fairly complete shortly frftcr 
the beginning of the stroke. 

If the design of the magneto is such that the current curve has 
a sharp peak—that is, the duration of a current siifRcient for ignition 
is quite short—or if the desired variation of ignition is, for any other 
reason, greater than the duration of an adeejuate current in the arma¬ 
ture coil, there must be some device for adjusting the relation of the 
magneto to the engine so as to make the peak of the current curve 
coincide with any desired point of ignition. 

The simplest way of acemnplishing this is to rotate the magneto 
tfwft with reference to the engine shaft by the use of a sleeve with 
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tn ertemal spiral groove or an internal straight feather, which is 
interposed between the armature shaft and its pinion. By a longi¬ 
tudinal movement of this sleeve, the armature is rotated in relation 


to the engine shaft. 

Induclor Type. The action of the inductor magneto is shown in 



Fig. IM- Current rurvee nf in Indut tut 
Mmnrto 


Fig. 12,"). This figure shows eight 
positions in the rotation of the 
inductor, which con.sists of two 
cylindrical segments of soft inin. 
The magnetic condition of the 
armature wre dcficnds entirely 
upon the (losition of the inductor, 
which, in turn, is deternunt'd by 


the engine position, the inductor being geared to, and running synchro* 
nously with, the et'gine. The armature is stationary. In the positions 
A, C, E, and G the segments form a magnetic bridge between the 


magnet poles and the heads of the armature core, and the core 
becomes highly magnetized. The path of the magnetic lines is shown 


in the diagram. In these 
positions, there is maxi* 



mum interlinkage. In 
passing through positions 
B, D, F, and //, the 
magne^iclinesareabrupt* 
ly changed in their dlrec* 
tion, and a vigorous in* 
duced current is set up, 
both from the breaking 
down of the existing lines 
of force and from the set¬ 
ting up of new liites in the 
opposed direction. This 


reversal occurs four times during one revolution of the inductor; 


and succeeding reversals give current in opposite directions. Con¬ 
sequently, the inductor magneto gives twice as many electrical 
impulses per revolution, and, oonsequently, has to be rotated only 
half as fast, as the rotating*armature type of magneto. Since the 
winding is all stationary, no brush is needed to^ke the current from 
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the armature; all the electrical counectiona to the armature are 
stationary. Typical current curves of an inductor magneto are given 
in Fig. 126. 

The construction of a simple magneto is shown in longitudinal 
section in Fig. 127. The annature b, carrying the winding, rotates 
in the bearings/ and ^Ixlvveen the poles of the magnets a. Oneendof 
the winding is fastened to the armature core; the other end goes to 
the contact piece c, which passes through the hollow armature spindle 
and is insuiuted from it. The current is taken from this contact 
piece c by the carbon e, which is pressed agmnst it by a spiral spring. 



and which is insulateifby the soapstone disk m. The carbon k, which 
is pressed against the body of the armature by a spiral spring, gives 
a good electrical contact between the rotating annature and the 
frame of the magneto. -Such a magneto is called a lou>im»ion 
magneto. If it is to supply current for a number of igniters, a timer 
or distributor mu.st l>e used with it; this distributor must be geared to 
the magneto in such way as to insure a sufficient current being 
generated at the moment when the circuit is established with each 
the igniters. The distributor is i^ually a rotating metal segment 
connected with the insulated terminal of the armature coil, coming 
in succesrive contact with conductors leading to the insulated 
atationary electrodes of the igniters. 
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Timers. The timer shown in Fig. 128 consists of a cam (driven 
from the lay shaft) the high point of which comes in contact once 
during a revolution with the rollers on each of the four pivoted arms. 
Each arm has a contact point A, which is thereby brought into con¬ 
tact with the insulated and ^ring-supported contact point B con¬ 
nected with each of the four terminals. The contact points are held 
firmly together by the springs until the cam passes. There are coiled 
springs in the pivot ends of the 
arms, which hold the rollers in 
contact with the cam. 

Low- Tension Magneto. The 
current from a low-tension mag¬ 
neto is used only for make-and- 
break ignition. An example of 
its use is given in Fig. 120, which 
shows a mechanical make-and- 
break apparatus with a device for 
varying the time of ignition. The 
cam A on the lay shaft, working 
through the lever B and rod D, 
brings the moving electrode B 
into contact with the stationary 
and insulated electrode F. At a 
certain position of the cam, this 
contact is suddenly broken by the 
action of the spring on the rod D. 
The interrSption of the circuit 
must be made to occur while cur¬ 
rent is being induced in the magneto. A moderate variation in the 
time of the ignition h obtainable by shifting the lever which 
shifts the position of the roller on the lever B; a movement to the 
right makes the ignition earlier; to the left, later. 

OsciUating Magneto. With such magnetos as those already 
described, if the armature is rotated in synchronism with the engine, 
its speed will be low when the engine speed is low, and consequently 
the current will be feeble at that dme. It may be necessary, therefme, 
to have some supplementary source of riectridty which can be* 
switched on to the igniter circuit when the engine is being started. 
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or when, through overload or ot!\er cause, it slows down below a 
certain speed. This auxiliary' source may Iw cither a battery or a 
separately driven generator. It is jH)ssil)ie, however, to constnict 
an engincKiriven magneto which shall give a current the amount of 



Fir 130. Uoarb-Simmi OBdUttinc Mafneto of todtKtor Top View io 

PoMtion of Reet; Bottom view Jum beloro Trippiac 


which is independent of the speed of the engine. This is accomplished 
by giving the moving part of the magneto an oscillating instead of a 
rotary motion, and making the current-generating movement occur 
at a predetermined time through the action of a stressed spring, and, 
consequently, at a speed which does not depend on the engine speed. 
Siu;h an arran^ment is often used on stationary engines. 
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In Fig. 130 »shown an oscillating magneto of the inductor type 
—first, in its position of rest; and second, in its position immediately 
before tripping. The moving cylindrical segments are fastened to 
the T-shaped lever C, whose fulcrum coincides with the axis of the 
segments. The lower end of this lever is moved through the range 
shown in the figure, by a lifter B, which is fastened to the lay shaft A. 
The extremities of the upper arms of the lever are held by strong 
spiral springs which tend to keep it in the first position. On the 
rotation of the lay shaft past the second position, the lever is tripped, 
and the springs bring it smartly back; and, after a few rapid oscilla¬ 
tions, it comes to rest again in the first position. This rapid oscillation 
giveuise to a rapid succession of electrical impulses. 

The connection of such a magneto to the make-and-break 
ignition apparatus, is shown in the same figure. The fixed electrode 
D Is electrically connected to the insulated terminal of the magneto; 
E is the other electrode, which is kept in contact with the fixed 
electrode by means of a spring and a bell-crank lever until it is 
separated from it, on the tripping of the magneto, through the impact 
of the forked rod F on the other arm of the bell-crank lever. A series 
of sparks passes between tbe electrodes as a result of the oscillation 
of the magneto-inductors. 

This method of ignition gives admirable results; and it is par¬ 
ticularly applicable where one igniter, only, is to be used. If more 
than one igniter is necessary, there is required .a separate magneto 
for each igniter. The action of this apparatus is noisy; and if several 
are in use, the noise becomes'quite objectionable. Also, it is not 
applicable writh high speeds of rotation. Its great advantage is that 
it gives an equally good spark at all speeds, and that it does away 
with the necessity for supplementary sources of electricity. When 
there are several igniters, or when the speed is very high, the rotary 
forms of the magneto are more satisfactory. * 

Jump-Spark Ignition 

Characteristica of High-Tension Method. The makoHtnd- 
break electrical method of ignition, hitherto described, requires in 
every case that there shall boa movable electrode subjected to the 
high temperature of the cylinder. This arrangement, althou|d> 
carried out with success on nearly all statlbnary gas engines, bM 
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inhereTit objections. The difficulty of keeping the ignition in working 
order grows as the size of the cn^ne decreases, as its speed increases, 
and also with the multiplication of cylinders. In automobile and 
motor>boat enginolt, it is particularly desirable that a simpler ignition 
method should be used. This is accomplished by the jump spark. 

If an electric circuit is complete ex«pt for a snmll air gap (of, 
say, .1 inch), and if the electromotive force in the circuit is continu¬ 
ously increased, it will at last reach sucli a magnitude that it will be 
able to overcome the resistance of the air gap, and a spark, or eiedric 
arc, w'ill spring across the gap. As the resistance of an air gap is 
very higl;, a considerable electromotive force is always necessary, 
and consequently this method is spoken of as a high-tension method. 
The moment the spark passes Ix-twccn the electrodes, tlie resistance 
of the air gap is reduced 
enormously, ao that the 
high tension is necessary 
only for starting the 
spark, not for keeping it 
up. The resistance in¬ 
creases with the width of 
tlie air gap. With a make- 
and-break contact, the 
current is passing before 

VMiarfttr* l^u Curve SSomin* Volu** Rc«iu»r«l for 8p»rk* 

Uie eiccxrouis scparaic, * i.,g .crow » .OS-Inrh G»p with Vmkiu* 

and the spark which t:..u.pr.«iun. 

passes from one electrode to tlic other encounters little resistance until 

they are separated a considerable distance, because the continuous 

spark keeps the resistance low. ^Vhen, however, the spark is finally 

i nterrupted by the increase in the air gap, it can no longer jump the gap, 

even when the electrodes approach very near to each other, because it 

is only a lo'J -tension ciurent that is used for make-and-break ignition. 

With a constant air gap, the resistance to the passage of the 
spark increases with the pressure of the air W'hich surrounds the 
electrodes. In gas engines the spark is always required to pass after 
the charge has been aimpr^sed; and, consequently, a considerable 
voltage is necessary. The actual voltage required is shown graph¬ 
ically in Fig. 131 for the small air gap of .02 inch; with 80 pounds 
compre»ion, over 12,000 volts is necessary. For larger air gaps, the 
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necessary voltage is still greater. A ■^•inch gap at atmospheric 
pressure re(|uires Ul.OOO volts. Probably about 100,000 volts is 
necessary on many spark plugs. 

An ordinary cell, primary or storage, will giv€ about two volts, 
so that it is obviously impracticable to get the desired electrical 
pressure by putting sufficient cells in series. The magnetos described 
previously also give low voltages, say, UK) to 200 volts as the maxi¬ 
mum pressure, lu oriler to use these sources of electrical power 
for juini>-spark ignition, an induction coil must l>e used to transform 
this low-tension curnuit into the desired high-tension current. 

Induction Coils Give High Voltage, (itwra! Theory. When a 
current flows tlirough a coil of wire, magnetic lines of force are set 
up surrounding (interlinking) the coil. (‘onversely, if magnetic lines 
of forcH; are made to cut a coil, ait e.m.f. will be set u]) in the coil, 
whose magnitude, us already explained, depends on the rate of change 
of the interlinkuge.s. If the current flowing through a roil ceases 
sudilenly, the magnetic lines of force cease also—that is, there is a 
sudden change of the interlinkuge; and, as a result, a current will be 
induced, just as if the magnetic lines had lx‘en due to an outside 
magnet which was sudiletily reim>ve<l. The induced current is in the 
same direction as the current that was interrupted. This phenomenon 
is culled itelf-induclion. The s«‘lf-iiuluction is greatly increased if 
there is a bundle of soft-iron wires inside the coil of wire, as this 
caus<*s a greater concentration of (he liiu-s of force and increases the 
intt'rlinkagc. The ordinary spark coil whi<-h is used in make-uid- 
break cirt'uits, with buttery for source of eiu ?g>’, is built on this 
principle. When magnHos are used for the generation of the elec¬ 
trical energy, the anuuturc ai'ts us a spark coil, so that no other 
spark coil is necessary. The effect of tlu* spark coil is to increase the 
electromotive force at the instant when the current is interrupted; 
and, when this interruption is due to the actual breaking of the circuit, 
to cause a spark to jump across the gap formed. This is what takes 
place in the make-and-break circuit. 

Primary and Secondary CoUs. If two coils of wire are wound on 
the same core of iron wire, and if one of these coils, the primary coU, 
is connected to a source of current, and the other, the secondary eoif, 
is closed upon itself, then the same number of lines of force will cut 
both coils, but the interlinkages will depend in each coil on the num- 



OAS AND OIL ENCINES 


199 

ber of turns in the coil. If the secondary coil has one hundred tim^ as 
many turns as the primary coil, the iiiterllnkuge with the secondary 
coil w'ill be one hundred litnes greater tlutti with tlie priiimry coil; 
and, consequently, on the interruption of the primary current and the 
disap{)earanec of the magnetic lines, the rate of change of interlink* 
age will be one hundred times ns greatVs in the primary coil. The 
pressurejpf the current indueetl in this way in the secondary coil, can 
be made as high as desired by iiu reuMng the number of turns of the 
coil. The action of the one coil »>n the otlxT is calks! iiluol iiulucihm. 

Une of Comh'iiscr. The voltage in th«' sc<’ondury coil depends 
not only on the number of turns, Init also on tlic rate at which the 
magnetic lines of fortsj threading the coil are hrokeii down. This 
latter clcjK*nds on the rate of disapjH'arame of the current in the 
primary < oil. Now, is it not pos>il)1e to stop the flow of current in the 
primary coil instantaneously, with an induction coil iiunlc up of the 
elements mentiomn! above. It will Ik? found, on trying it, tliat only 
feeble sparks will Ihj given by the secondary coil. The trouble arises 
from the self-imhiction of the primary coll, whicji, as descri!>ed above, 
tends to ker-p the current flowing after the cirt uit has been broken, 
aud caust's a spark to jump across the broken primary circuit. The 
spark in tiie primary circuit will be found to Ik; even larger than the 
spark tliat can be obtuimxl in the secondary circuit; ami it not only 
does no good, but on the contrary is most harmful, as it quickly burns 
away the contact points in the jirimary circ uit. To n‘im*dy this 
trouble, the self-induction of the primary coil must lie overcome; and 
this is oc^eomplished by means of a cundetou r, 

A condenser consists of a large numiMT of thin sheets of tinfoil 
separated from one another by sheets of paraflined pajicr or other 
insulating material. If the slu'cts of tinfoil are considered as num¬ 
bered in order, all sheets of even numb<*r are connected tiigelher and 
to one teAninal of the condenser; and all sheets of odd number are 
connected to the oilier tennlnal. The cuiidcnser is then connected 
across the break in the primary circuit. A condenser constructed 
In this way has capacity for holding or retaining an electrical charge. 
Wfa«n the primary circuit is broken, the self-induced current, instead 
of forcing its way across the gap, finds its path of least resistance into 
the plates of the condenser, and goes there and is retained. If the 
Capacity of the condenser is sufficient, the current in the primary 
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will die down instantly, and consequently a high pressure will be 
induced in the secondary coil. 

Rnolving Contact Timer in Primary Circuit. The making and 
breaking of the primary circuit for jump^park ignition is broughtj 
about by a revolving-contact timer which replaces the tripping 
device of the low-tension system, and which is the only moving part 
that is necessary. A timer such as that described earlier and shown in 
Fig. 128, is a common type for this purpose; and it serves to make 
and break the primary circuit in four .separate induction coils, the 
secondary coils of which are 
connected to the spark plugs 
of four cylinders. 

Vibrator. With an induc¬ 
tion coil as described, this would 
give one vigorous spark when- 
c^•e^ the timer breaks a contact. 
Such an arrangement is common 
on bicycle motors. It is desir¬ 
able, however, to have a number 
of sparks passing between the 
electrodes of the spark plug, so 
as to insure greater certainty of 
ignition than is possible with a 
single spark. This can be ac¬ 
complished by having a rapid 
succession of makes and breaks 
of the primary circuit at the 
time when ignition is desired. 
The device for effecting this is called a trembler or vibrator or buzzej. 
The trembler or vibrator may be either mechanically or magnetically 
actuated, the latter method being that in most general use iTt present. 
The mechanical vibrator is but little used. 

Mechanical Vibrator. One of the best known forms of mechan¬ 
ical vibrators is shown in Fig. 132. // and I are the contact poinU 
through which the primary current passes. On the tripping of the 
spring blade C by the cam E, the spring is set in rapid vibration, and 
consequently, there is a rapid succession of makes and breaks at the 
contact points. The tuning is varied in this device by rotating the 
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Fig. 133. Coouri Maki>rof Atwklfr Kent Vnieperker 
Caiirtttj/ of Atvalrr Krni htanvfofluring Work*, 
i’AitaJcIpAi'i, Pinntyltania 


base plate A on which the contacts are supported, al>out the shaft F . 

The cam E is driven l)y gears from the engine shaft at one-half the 

engine speetl. PP are the primary terminals, and arc connected 

with // and I, res|)ectively. A clockwise rotation of the plate makes 

the ignition earlier. The ^ . 

meeluiiiicul trembler lias 4 -' «- 

beengenerally iliseanled be- 

cause of the breaking of the * © 

spring blades, the burning- c— * »r.. "”** 

out of the contact points 

and other trouhle.s. *" ^ ^ 

AtwatiT Kent Contact 

Maker. A device similar to ^ 

Flg.ld 2 isshown in I'ig.l.Tb 

The hardened-steel rotating ••-- 

shaft in the eenter has ,^3 CM.uftMak<^fof Aiw»icrKeMUn»p«Fiwr 

as many notches as there CouHtty 0/.Uvalrr Kml Mami/<tftunnt Work*, 

* PhUaJtlpnio, Ptnntyltania 

are cylinders, and rotates to 

the right—c’lockwise—at half engine speed. Each not<*h in turn 
engages the hook-shape<l lifter /•’, drawing it to the right till n certain 
point is reached. Then the notch rcleasi's tin* lifter, which flies back 
under the pull of the small coil spring. As the lifter returns, it rides 
up on the rouiuled part of the 

shaft, striking tin* pivotiil liam- ^_ 

iner, which is located Wtwei'ii 
the lifter and the contact spring, o - 

andcausingthehainmcrtoforee 7 , A'” • 

the contact spring 7), for an in- » - - ^ ^ ^ ^ 

stant, against the contact screw p . . 

C. The motion is very rapid — » 

the hamiticr and contact spring , ^y' 

appearing to remain stationary. 

With this device, only one spark 

coil is needi^ even for a multi- Fig. vn. Amomtiic Rr«rk Advano« X>evio« of 

,. I . . . Atwowr K'ltt Cawporker 

cylinder engine, the contact 

being made and broken in the primary by tlie contact maker 


and the secondary current sent to the cylinders by a distributor 
mountedon the same shaft as the contact maker. The mechanism is 
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such that the duration of contact is constant regardless of speed, 
and is only long enough to build up the current in the spark coil. The 
moving parts are extremely small and light and, therefore, the inertia 
effect is reduced to a minimum. 

Fig. 134 shows a device which is used in connection with the 
contact maker just described and is mounted on t!ie same shaft and 
in the same case. It is a centrifugal governor which advances the 
spark time as the speed increases. The rotating shaft is divided, 
and as the governor weights expand they rotate the upper part of the 
shaft in its own direction of rotation, thus making and breaking 
contact earlier than at slow speed. By the use of this device the 



spark is, automaticall}', properly timed to corres}K>iui with the 
engine speed. 

Action of Induction CoU. It is now the general practice to have a 
magnetic buzzer or vibrator as part of the induction coil. An 
ordinary induction coil is shown in Fig. 135. The primary winding 
leads from the terminal P, around the soft*iron core /f, to the metal 
plug B. The secondary winding leads to the two terminals 5i, St. 
A flat steel spring C b fastened to the plug B, and has riveted at Ha 
free end the 8oft<iron armature D. In the norma! position of the 
spring C, the armature D is separated a short distance from the 
armature core A, and the plathium-ripped contact point on the back 
of the spring touches the rimilar contact point at the end of the 
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adjusting screw F. F is connected through the battery and timer 
with the terminal P. 

When current is- sent through the primary circuit, the cote A 
is magnetized, attracts the armature J), and breaks the eoiit4ict at E. 
This interrupts the current in the primary circuit, and with the aid 
of the condenser intflmes a powerful cairrcnt in the scconilary. As 
soon as the current in the primary winding ctusos, the core los<?s its 
magnetism, and the armature J) returns to its normal position, 
re-establishing the current in the primary. The cycle of operations 
then recoinmonccs and conlitmcs so long'as current is supplied to 
the primary coil. The time rerjiilrcd for one inakc-and-break—that 
is, foroncconiph'te vibration of the s[»ring —is gon<‘mlly less than rU 
of a sccoml. The rapl«lity can be vari«*d by adjusting tbc contact 
screw whicli is held in place by the locknut shown—the frequency 
increasing as the screw is advanced. 

It is not desirable to have a very light <’ontact Wtween F and 
the spring, l>ecause, in that case*, a very small force sutfiees to break 
the contact, and, cimscciuently, the primary cir»-uit will be broken 
before the current has reached its maximum value. This results 
in a weak magnetic field, and, therefore, in small inductive effect 
and weak spark in the si'condary. 

Induction ccmU are ap|)lied to engines which fre^piently have 
very high speed of rotation—lOIX) revolutions per minute, or more. 
With a trembler making 100 vibratifuis per secoml, nn<I an engine 
making 1000 revolutions p<T minute, the* crank will have turned 
through an angle of (H)'* Iwtwcen successive sparks. It is obvious 
that the interval of time between succcs.sive sparks is altogether too 
great in this case, since, if the first spark docs not effect the ignition, 
the second spark will come far too late to give efficient results. It 
is desurablc, then, for high-spe«l engines, to make the vibration more 
rapid, jbe natural period of vibration of the ordinary hammer 
vibrator depends on the dimensions of the spring and the mass of 
the armature. The spring, however, cannot l>e shortened below 
certain limits, as that increases its stiffneas too much, Intensifies the 
magnetic force required to move it, and, therefore, demands a larger 
armature. 

For best effect—that is, to get a greater induced current—the 
break in the primary circuit should be mode more suddenly than U 
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Pi|. 130. Vibmtor of SpUtdorf Coil 
Cturtuif of SpliUorf Bloririati Company, 
Ntimrk, N*i 9 Jtrttj/ 


sccomplUhed by the ordinary vibrator. With the ordinary vibrator, 
the drcuit is broken as soon as the spring begins to move—that is, 
while the velocity of the spring is still low. To accomplish a more 
sudden break of contact, the moving part of the vibrator may be 

made in two parts, as in 
Fig. 136. The hammer 
or armature, which is 
magnetically attracted to 
the core, does not carry 
any contact point, but 
carries, instead, a button 
which, after a certain 
movement of the ham> 
mor, strikes the contact spring and breaks the primary current flowing 
tlirough the contact spring to the contact screw. When the contact 
is broken, the hammeris in the middle of its stroke, and is moving with 
considerable velocity. The result is a rapid break. The substitution 
of the thin hammer for the heavier iron armature Fig. 135, permits 
higher speed, as the inertia effects 
are less. 

The vibrations per second of 
tlie trembler vary in the principal 
coils from about 100 to 400. They 
are generally designed for from 
4 to 6 dry-cell batteries, or a 3- or 
4-ce!l storage battery, A good 
coil requires about .2 to .25 am¬ 
pere when in use on a single-cyl- 
imler engine. With low compres* 
siun in the engine, and the result¬ 
ing comparatively low^ voltage 
requiredin the secondary coil, the 
pres.sure of the contact on tl^ 
trembler spring can be made very slight, as it is not necessary to 
develop the full current in the primary coil. With high-compression 
engines, the pressure of the contacts must be increased, and the use 
of current will increase correspondingly. 

There is provided in all coils a safety spark gap to prevent over- 
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straining of the insulation in case a current of abnormally high voltage 
is sent through the coil. The current will pass through this gap if 
the spark plug is taken off, in which case there is no small air gap 
in the circuit. 

Timers mth Separnie Induction CoU. If there art* several 
igniters on an engine, they may be screed eitlier by a separate induc¬ 
tion coil for each igniter, or by a c*onnnoii induction coil for all 
igniters. With a separate induction coil for each igniter, and one 
source of electrical energy, a timer or primary commutator must be 
used, rotating in synchronism with the engine and sending the pri¬ 
mary current to the different colls in succession at the desired times. 
One fonn of su' h timer has btvn shown already in Fig. 128. Other 
forms are sJjown in Figs. 1.37 and 
I3S. With the snnp^iff timer, Fig. 

137, the pressure of the spring in¬ 
sures a good contact iK^twtNm the 
rotating contact piece C and the 
fix(*(| contact II; and the ending of 
the contact is so abrupt that it may 
cause a spark in the .sec ondary coil, 
even if the vibrator refuses to act. 

Only one contact H is shown, fas¬ 
tened to the non-conducting case 
D; but there will be as many con¬ 
tacts around the periphery of the 
timer as there are cylinders. 

In those cases where the noise ami wear of this ty|)e of timer arc 
objectionable, the roller-contact timer. Fig. 138, may be used. In 
both cases, by the simple device of rotating the external casing 
through the desired angle, the times of all the contacts can be 
advancedior retarded simultaneously and by the same amount. 

Distributors. With separate induction coils for the separate 
cylinders, the timing of ignition will not be quite the same'in each 
cylinder, although the timer contacts occur at exactly the proper 
intervals. 

This results from the fact that it is not practicable to adjust the 
vibrators of the coils so that all have the same period of vibration. 
Consequently, the ignition lag will be different in the different cylin- 
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Fig. 138. Cnnn<Ttlcut notler.Coi)UCt 
Timr-r for Four Cyl>rHl«rii 
Courtr’v <•/ i'nnnrrtirut Ttlrphonr anS fUtt- 
liif I'utiiii-iitii, Mfiidtn, Connniieut 
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dfrs; thU is why it is important to endeavor to adjtist all the vibratora 
till they give the same note. By the use of one coil for all cylinders, 
this trouble can be remedied, and we get the so-called tynckrotum 
system. 

If it is desired to use but one induction coil for several cylinders, 
a timer is still necessary to said current to the primary coil at those 
times when ignition is desired; 
but a distributor, or secondary 
commutator, is also necessary, 
to send the high-tension current 
gcneratwl in tlic secondary coil 
to the proper spark plug. The 
very high voltage of the second¬ 
ary circuit renders the construc¬ 
tion of a distributor much more 
didicult than the construction 
of a timer. In principle and in 
method of action, they may Ikj 
precisely similar; but it is ncc- 
cs.sary to give extraordinary care 
to the insulation of the distrib¬ 
utor, while with the timer this 
gives but little trouble. The dis¬ 
tributor is generally mounted on 
the same shaft as the timer, or 
is geared directly to it. 

On account of the high ten¬ 
sion in the secondary circuit, it 
is not necessary that the revolv- 
Ttf. 130. Combin'd Timer nnd Distnbutor ing aim of the distributor should 
actually touchthcinsulated fixed 
contacts: if current is being generated while the revolving arm is close 
to one of the contacts (say, ^ inch away), a spark will jump across the 
gap. By the use of a glass top to the distributor, the action of the coil 
can be observed, A combined timer and dbtributor is shown in Fig. 
139, the timer being above, the distributor below. The primary cur¬ 
rent enters through the steel ball a, which comes in contact with cams 
e on the rotating sleeve 6. llic secondary current enters at d, and goes 
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through the steel ball e to the brass strip/, and thence to tlie base 
of one of the binding-posts hh. Insulation is effcctwl by having the 
post t And the casing j of hard rubber. Advance or retardation of 
the spark is effected by the rotation of the case j tlirough the arm k. 

H^h«Tension Magnetos. If a magneto is used to,supply current 
for jump-spark ignition, it is called a hfkh-lension magneto. It may 
be precisely the same as the low-tension magneto descril)ed pre¬ 
viously, generating a low-tension current whu’h gm's to a separate 
induction coil; or it may have the stTondary t oil wound on the anna- 
ture of the magneto, so that the inugneto arts not only as a current 
generator but as induc.tion coil also. Hie latt< r is the toinmon 
method. Since one magneto is all tlmt is necessary for .several 



Fig. Hft. Wiring Di»gr»m for Bosch Hith-I vn^ion Msin'to 

cylinders, it is usud to make the clistrilnitor an integral part of a 
high-tension magneto. A timer, interrupter, or circuit breaker is 
necessary to break the pripiary circuit rapidly at the <lesired time, 
BO as to give a good induction effect. 

Higk-Tensum System for Four-Cylinder Engim, The gen- 
enJ arrangement of a high-tension magneto ignition system for a 
four-cylinder engine is shown in Fig. 140. The primary and 
secondary windings of the magneto arc continuous with each 
other. One end of the primary winding goes to the armature core; 
the other end goes to a contact breaker which, normally, short- 
cirewts the primary coil, Imt which, at the moment of sparking— 
when the movement the armature is such as to give a vigorous 
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current—breaks the circuit suddenly, and consequently induces the 
necessary current in the secondary. The ann&ture is of the usual 
rotating type, running at the same speed as the engine and giving 
two electrical impulses per revolution. Hence the contact breaker is 
arranged to break contact twice j)er revolution, giving two electrical 
impulses in the secondary circuit per fevolution of the engine. A 
condenser is connected across the circuit-hrcakcr gap in the primary 
dreuit. The secondary winding is grounded at one end by being 
made continuous with the primary, and at its other end goes to an 
insulated ring at the left, and then, through a brush, to the distribu¬ 
tor. The safety spark gap minimizes the probability of injury to the 
insulation of the secondary coil from cxa*ssive voltages. The dis¬ 
tributor arm is geared to the contact breaker^ and ivvolves at one- 
half its speed; that Is, it makes one revolution for two revolutions of 
the engine. The rotating arm makes successive contacts with each ol 
the four insulated segments during a revolution, and consequently 
sends current to the spark plugs. 

Variation in the time of ignition is effected by varying the time 
of interruption of the primary circuit. 

Construction of Magneto. The constructive details of this mag¬ 
neto are shown in Fig. 141. The end of the primary winding is con¬ 
nected to the brass plate I. In the center of this plate is screwed the 
fastening screw 2, which serves, in the first place, for holding the 
contact breaker in its position, and, in the second, for conducting 
the primary current to the platinum screw-block 5 of the contact 
bleaker. Screw 2 and screw block 3 are insulated from the contact 
breaker dbk 4, which has metallic connection with the armature core. 
The platinum screw 5 goes through the screw block 3. Pressed against 
thb platinum screw by means of a spring 6, is the contact breaker 
lever 7, which is connected to the armature core and therefore with 
the begiiwing of the primary winding. The primary winding is 
therefore ahort-circuited as long as lever 7 Is in contact with piatinum 
screw 5. The circuit is interrupted when the lever is rocked. A con¬ 
denser 8 is connected in parallel with the gap thus formed. 

The end of the secondary winding leads to the slip ring on 
which slides a carbon brush 10, which is insulated from the magneto 
frame by means of the carbon holder II. From the brush 10, the 
secondary current is conducted to the connecting bridge IS, fitted 
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with a contBCt>carbon brush /S, and through the rotating distributor 
piece /4« which carries a distributor carbon 15, to the distributor 
tbsk W. 

In the distributor disk IG, arc embedded meta! segments 17. 
During the rututiun of the distributor carbon 15, the latter makes con¬ 
tact witlj the respective segments, and always connects the secondary 
current witli one of the contacts. 

The contact breaker is fitted into tlic rear end of the armature 
spindle, which Is bortnl out and providctl witl» a ke>'way. The con¬ 
tact breaker is held in position by sertrw 2. The short-circuiting 
and interrupting of the primary circuit is effected by means of the 
contact-breaker levi r 7, on the one hami, and the fil)er rollers 19, on 
the other. As long Jis the lever 7 is pn‘ss<'d against the contact screw 



6, the primary circuit is short-c‘ircuitc<], and the rocking of the levers 
by the filler rollers 19 effects the break of the primary circuit; at the 
same moment ignition takes place. The distance between the 
platinum points, when the lever is lifted on the fiber rollers, must not 
exceed .5 millimeter (approximately inch). This distance may 
be adju.sted by means of the screw 5. 

Spark Plugs. Tlie part of a jump-spark system that is most 
likely to give trouble is the spark plug itself. The spark plug con¬ 
tains two electrodes, with an air gap which is usually between ^ and 
A inch. One of these electrodes is grounded, the other is insulated 
as perfectly as possible. The difficulty is in keeping the insulation 
good under the very high voltages of the secondary circuit. Not only 
must the insulation be electrically good, but it must also be gas-tight 
under the high pressures existing in gaa^ngine cylinders. 
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Som« common forms of sjwrk plugs are shown in Fig. 142. They 
all consist of three fundamental parts—the plug body, which screws 
into the engine cylinder and is thereby grounded; the hiauiaied 
electrode, and the ineuUUing body. The insulation is effected by the 
use of cither porcelain or mica. The former is the mote brittle, 
and, as it is subjected to a high tempetature inside the cylinder and 
a low temperature outside, the unequal expansion resulting is liable 
to crack it; moreover, it is not well adapted to withstand rough 
usage. 

Mica insulation is built up of washers of sheet mica, generally 
without any cement between the washers. It is free from the general 
objections to porcelain, and is being largely used. With either form 
of insulation, however, trouble is likely to arise from the .sooting of 
the plug-'that is, from the dejwsit of carbon on the plug. This 
deposit is most likely to form on the surface of the insulator, and 
forms u conducting bridge from the insulated electrode to the plug 
l)ody. Even if the spark plug works satisfactorily when tried in the 
open air, it may not work in the cylinder, as the greater resistance 
winch the compressed gitses offer to the jumping of the spark may 
cause the current to go over the surface of the insulating material if 
this is not clean. To increa.se the resistance to such leakage of the 
(.urrent, the surface of the insulator is often made greater by cor* 
rugations. 

In Fig. 142, the first plug is a clo»ed-end ^ug. Some of the 
(rharge is compres.st'd into the plug; and being the part of the charge 
that is first ignited, it expands and rushes out of the enclosed space so 
violently as to prevent carbon deposit. The second and third 
are of the open type. The fourth plug is another example of the 
closed type; its insulation consists of a mica tube inside a porcelain 
tube. The porcelain is held in place, gas-tight, by an accurate taper- 
ground jeint without packing. The spring on top takes up heat 
exfMUision of the porcelain. The fifth plug is of the open type, 
with four grounded electrodes around the central electrode; there are 
two porcelain bushings around the insulated electrode. 

The electrodes are sometimes of platinum, but more commonly 
of n»;kel steel, which resists oxidation nearly as well as platinum. 

CompirisoB of Igiiitk)ii Systems. A comparison of the magni¬ 
tude and duimtkm o( the current flowing in the various methods of 
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ignition is given by the curves in Fig. 143. With make<an(i*break 
ignition, Fig. 143a, the current increases from the time the contact 
points are brought together till the circuit is opened; then the arc is 
drawn, and lasts while the coil, which is still receiving current from 
the source of electricity, discharges its magnetic energy; this time 
may be almut five-thousandths of a second. With high-tension 
ignition without a vibrator, Fig. 14J16, the only difference of the 
primary current curve from Fig. 143« is that by the action of the 

condenser the primary break 
is in-stantaneous. The re¬ 
sulting secondary-induced 
current isof smaller amount, 
rises instantaneously to its 
maximum value, and lasts 
about one-thousandth of a 
second. With a vibrating 
coil, Fig. 14'k?, having the 
same duration of closing of 
the primary circuit by the 
timer as in the previouscase, 
tliere is seen to be lessenergy 
for each spark in the second¬ 
ary, as the current does not 
build up as high in the pri¬ 
mary during the shorter 
contacts. 

The make-and-break 

_ A-IV—IV I system of ignition gives a 

n«. us. c»ir»#a»owi^Conip«r*ti«MM«»it«d* hotter spark and one of 

Md Dvntkw of Cumal Flowittg wUh Vonoiu 

SyrtcBM of UDiiioB longer duration than is ob- 

tunable with jump-spark ignition, and hence gives more effeetive igni¬ 
tion; it is used almost exclusively in large engines. This system is, 
electrically, most simple, but mechanically it is complicated. The jump 
spark, on the other hand, is mechanically simple, while the electrical 
system is complex. The mechanical simplicity of the jump-qiark 
system has led to its practically exclusive use in automobile and 
motor4)oat engines; moreover, it is better adapted U> high speeds of 
foUtimt. 
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ENGINE DETAILS 
GOVERN INQ 

Functions of a Governor. The governing of an engine means 
the control of the power which it is developing, so that its speed » 
maintained practically constant. If the 
engine develops more power than i.s 
quired, the engine will speed up; if the 
power delivered to the crankshaft is less 
than the resistance there, the engine will 
slow down. The governing of a gas engine, 
like that of the steam engine, is effected by 
utilizing small variations of engine speed 
resulting from change of engine load. The 
controlling mechanism, or the governor 
proper, does not differ from that used on 
the steam engine. If the work that must 
be done by the governor proper, or mgu- 
lator head, in moving the governor valve 
mechanism to correspond with changes in 
the load is light—as is the case in small and 



medium-power engines—a fly- 
ball or an inertia governor is 
generally used, as seen in Figs. 
144 and 153, respectively. If 
the valve mechanism is heavy 
and apt to stick because of 
impurities in the gas—as in a 
large engine—a regulator head, 
such as is shown in Fig. 145, is 
employed. The way in which 
the governor mechanism con¬ 
trols the work done by a gas 
engine is very different from 
that employed in a steam en¬ 
gine. There are two general 
methods in use in gas engines 
f<w varying the power—one by 
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vkiying the number of explosions or impulses per minute, which is 
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known as the hit-and-niaa system; and the other by varying the 
magnitude of the impulse while keeping the number per minute con¬ 
stant, which may be called the variable-impulse system. 

Hit-and-Miss System. Method. The omission of the explosion 
or impulse can be obtained in several ways. The most common 
method is to keep the gas-adiptssion valve closed so that air alone is 
taken in during the admission stroke, and, consequently, there is no 
explosion. A method of accomplishing this is to be seen in Fig. 144, 
in which a loaded centrifugal governor is .shown driven by bevel 
gearing from the camshaft. In the position shown, the gas-admis¬ 
sion cam d will come under the reel c, and will start to lift it at the 
beginning of the admission stroke. The reel c is loose on a spindle 
at the end of the horizontal lever e, and the vertical rise of the spindle, 
due to the action of the cam, opens the gas valve by a system of 
levers not shown in the figure. If the engine speetls up, the rise of 
the governor balls rais(*s the sleeve on the governor spindle, lifts the 
honzontal arm of the bell-crank lever fulerumed at a, and shlfte the 
forked end b of the vertical arm to the right, carrying the reel c with 
it, so that the cam no longer engages it and no gas is admitted. When 
the speed comes down to normal, the reel is moved back, and the 
admission of gas again takes place. 

Disadvantages. The hit-and-miss method is open to the objec¬ 
tion that it makes the si)eed of the engine very Irregular at any other 
than full load. Even at full load, with the Otto cycle and a single- 
acting cylinder, there is only one motive stroke or impulse in four 
strokes, instead of one every stroke as in a double-acting steam 
engine. If the engine governs by the hit-and-miss method and is 
running at half-load, half the explosions will be omitted, and there will 
be but one motive stroke in eight; at one-third load, there is but one 
motive stroke in twelve; and at quarter-load, one in sixteen. Running 
at quartei^load, the engine will be speeded up during thq motive 
stroke, and wUl slow down during the succeeding fifteen strokes, till 
it gets to normal speed again. The actual variation in speed at low 
loads can be reduced by use of a heavy flywheel; but with this method 
of governing, it is too great for use when close regulation is necessary, 
as, for example, in electric lighting. An inddental advantage of this 
method b that, during idle cyctea, the cylinder a fluked out by the 
scavenging charge of air, making ihe next explosion more powerful. 
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ri)r loads approaching full load> where the number of miasea Is 
small, the explosion directly following a miss wilt be more powerful 
than the average, but those succeeding it, before another miss, will 
each be weaker than the first one, due to the fact that when there are 
no misses the gases remaining in the clearance are not scavenged out, 
and dilute the charge with inert gases. M very low loads the number 
of misses greatly exceeds the number of explosions and, fOT that 
reason, the first explosion following a miss will be weaker than the 
average, due to the fact that the cylinder has been cooled off by the 
large number of scavenging charges of cool air, and, therefore, the 
first charges are somewhat slow-burniiig. These facts add to the 
irregularity of governing and although, t)u‘uretically, this systrai 
gives the best fuel consumption, practically, the efficiency Lsextremely 
variable. 

In engines which have an automatic admiH.sion valve, the 
omission of an explosion is sometimes eff<Tted by tlie action of the 
governor in keeping the exhaust valve open throughout the cycle. 
The free communication between the cyiiinter and the outside, 
through the exhaust valve, prevents the formation, during the 
admission stroke, of the vacuum neotssury to open the admission 
valve. Consequently, so loug as the exhaust is open, the admission 
valve will remain closi*<]; the cylinder will contain only products of 
combustion; and no explosion cun occur. This system ha.H the draw¬ 
back that the cylinder is not scavenged ut all. 

Vaiiable«!mpu!se System. The amount of work done in a 
given gas engine deiwuls on the strength of the charge {qtuUitaiite 
governing), on its amount (quantiiative governing), on the timing of 
the ignition, and on several other factors. The engine can be governed 
by the variation of afiy one of these systems or a <‘ombination of any 
two; and the three specifically mentioned are all in regular use fw 
this purpo.<^. 

(^ualil^ivc Governing. If the governing is effected by varying 
the strength of the charge, the control has to be such that the mixture 
is always an explosive one. With each kind of gas used in an engine, 
there are both higher and lower limits to the amount of air with whidi 
it may be mixed if it is to remain an explorive mixture. If the ratio 
dl atf to gas should be outside these limits, the mixture sent to the 
would be unburned, and valuable gas would be lost. U 
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naturally follows that if the (^ngino goes above normal speed when 
mixture, the power of the engine 
has to be further reduced by omit* 
ting the admission of gas entirely. 
In Fig. 140 is shown a device for 
governing in the manner just de- 
.scHImnI. The governor d is driven 
from the camshaft c through the 
lK*vel gears shown. The gas is 
admitterl by raising the end of 
the lever, on which is a reel b sim¬ 
ilar to c in Fig. 144. The sleeve a 
is free to sink* on a feather on the 
camshaft r, its exact jHJsition being 
<*ontrolled by the governor through 
thebeli-eranklevcre. On the sleeve 
a is a series of earns of the same 
throw, but of different circumfer¬ 
ential lengths. The duration of the 
admission of gas is varied by shifting the sleeve so as to bring different 
cams into engagement witli b. In the position shown, tlie engine is 
above normal speed, the sleeve is at extreme |K}>itiou to the right, and 



no gas b being admitted. As the speed of the engine falls, the sleeve 
travels to the left, admitting gas for a definite period for each engine 


admitting the weakest explosive 
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speed. With full load on the engine, the reel engages with the longest 
cam, and the strongest mixture is admitted to the cylinder. 

With this method of governing, the sjinie amount of the mixture 
is always taken into the cyliinler, aiul, constKjuently, tlie pressure at 
the end of compression is always the s:ime. The explosion, however, 
l>eeomes weaker ns the mixture is “leaner”, and requires a longer 
time for its completion. A comparison of the areas of Figs. Sand 10, 
pages 22 and 2.t, >Ik»ws the effect of a weaker mixture on the |K>wcr of 
the engine. The maimer of applying this mellxKl of n^gulation to a 



Fif I IS. UiMrii'n ShiiwiDK Miiing Valve of WMiinghou<M Throttle G<;ven>or 
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large gas engine is described on page 121, and the details of the 
construction of the governor mechanism are shown in Figs. 65 and 66, 
pages 122 and 12.1. The elTeet of a euntaderable fluctuation of load on 
the indicaforcards, with this system of regulation, is shown in Fig. 147. 

Quantilaiire Governing. It is found, in practice, that there is a 
certain strength of the explosive mixture which gives the most 
economical running of the engine. It is obviously desirable to run the 
engine with a mixture of this strength; and that can be done when a 
hit-and-miss governor is used. When it is desired to have an impulse 
every cycle, a constant strength of mixture can be maintained if the 
power of the engine is controlled by varying the amount of the 
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mixture taken in. Two methods of obtaining this system of regulation 
are in practical use; the throttling method, in which the mixture pro¬ 
portions are kept constant and the charge is throttled down through¬ 
out the suction stroke by governorsiperated valves; and by the cut¬ 
off method, in which the inroming charge is completely cut off by 
the governor at some point in the suction stroke, the charge expand¬ 
ing for the rest of the stroke. 



Fit-149. OoTtraer of WwtintbouM Gu 
V JtfocAfM Cmpanv. Pituhwtk, PmnVniiia 

Throttle Governing. An example is shown in Figs. 148 and 149 
the actual mechanism used for this purpose. Gas from the pas¬ 
sage 0 enters the mixing chamber Af where it meets air entering 
from A through a similar passage. The mixture flows from the mixing 
chamber to the governor-valve chamber C. The governor valve 
i) is a double-beat poppet valve, so that the mixture flows frmn the 
governor-valve chaml^r at the middle of the valve to the engine 
inlet panage £ through both the upper and Tower valves, as shovm 
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by the arrows. The relative amounts of gas aiu! uir arc regulated 
by the two levers // II, which operate the two plug valves in the 
gas and air passages. With the two levers in constant |)ositions, the 
areas for admission of gas and air to the mixing chamber M will be 
fixed, and consequently the strength of Oie mixture will lie constant. 
The actual amount of the mixture entering the cylinder is controlled 
by the governor //, through the governor lay shaft t\ so that the 
governor valve I> is al¬ 
most clo.sed the mix¬ 
ture is throttled when 
the spjTjl increases. 

This rnellMMl of gov¬ 
erning jK-rmits a prrfe< t 
adjustment of tlie work 
done in the <ylin<ler 
each cycle, atal cfnisc- 
qucntly gives more uni¬ 
form speed of the engine 
than any of the methods 
so far described. Another 
method of accompiMhing 
it is shown in Fig. 1M). The 
air and gas pass through 
a mixing valve which 
controls the proportions 
according to the power demand, before it reaches the throttle valve. 

The throttling of the mixture imposes extra work upon the engine 
during the admission stroke, as the pi.ston has to move out with a 
vacuum behind it. At the end of the a4lmis.sion, the prcs.surc in the 
cylinder will be less and less as the load on the engine becomes smaller, 
and, con^uently, the pressure in the cylinder at the end of com¬ 
pression is le&5 as the load decreases. W'ith decreased compres¬ 
sion, the combustion of the mixture is slower This is well shown in 
Fig. 151, which gives a series of indicator caixls taken at different 
loads fnmi an engine using a strong mixture and a throttling governor. 

The throttling governor valve shown in Figs. 148 and 149 has 
the inherent disadvantage that the mixture is made at the valve and, 
consequently, the passage from the throttle valve to the inlet valve 
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is full of explosive mixture at all times, so that there is a considerable 
Volume of gas to explode in the inlet passages if a back fire should 
occur. The valve shown in Fig. 
150 has the additional dis* 
advantage that the pull on the 
valve, due to the eng^e suc¬ 
tion, is unbalanced and tends 
to pull the governor to a posi¬ 
tion that does not correspond 
fif. 151- imiirtior Tnk^n «t Differcttt to thc Speed of the engine. 

Load*; Quantiuuvr Knruktioa * ° 

The valve shown m Fig. 
152 overcomes Imthof these disadvantages, as thepullductothesjic- 
tion of the engine is balanced by aeting in op|x>sitc directions on two 
disks and the gas and air arc prevented from mixing by the collar on 

the valve stem between 
the gas and air disks. 
This collar forms a slid¬ 
ing fit in the partition 
between the gas and .air 
pa.ssages. The gas and 
air are conducted to the 
inlet valve in separate 
passages and do not mix 
until the inlet valve opens 
(see Figs. 56 and 57 and 
page li3) and thus, in 
case of a back fire, the 
explosion is confined to 
the small volume of mix¬ 
ture contained in the 
inlet-valve cage. 

In the engines shown 
in Figs. 49 to 68, the 
U m. throttling method of reg- 

ulation is almost univeN 
sally employed. 

Cut-Off Governing. Another method of accom{4ishiiig quattCl- 
tail vereguUtioo, as has been already pointtd out, is to admit a 
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mixture at atmospheric pressure for piirt of the admission stroke 
only, the duration of the udtuissiun i)ein('<!etennii)ed Ity tlie governor. 
This method of governing gives an indicator card similar to Fig. 7, 
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page 20. The diffcntice betwwii an engine governing in this way and 
one governing by the throttling methinh is similar to that between u 
Corliss steam engine and a throttling steam engine. The advantage 
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:»f cut-off governing is in the decreased work done by the engine in 
drawing the charge into the cylinder. The use of a partial charge, 
whether obtained by throttling or by cutting-off, permits the exptn- 
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sion of the exploded mixture to a pressure lower than is passible in an 
engine admitting a full charge and having the same pressure at the 
end of compression. This is the practical method of obtaining the 
incieased expansion, the advantage of which has been already 



pointed out in the section on 
Thermodynamics. 

In Eig. 153, the valve-ac¬ 
tuating mechanism, and Rit(‘s 
inertia governor of a cut-ofT 
.system arc shown. In P'ig. 154 
the cut-off valve is shown in 
position in the inlet manifold. 
The valve and valve cage each 
have thesamenumIxTof ports 
of equal width, the |)ortsin the 
valve being longer than those 
in the cage. The cage is located 
entirely in the manifold prop¬ 
er, while the valve projects 
through the manifold into the 
gas and air inlets on either 
side. Across the etuiler of the 
valve, a partition is cast so 
that the gas enters the mani¬ 
fold alane and the air below 
this partition. By raising or 
lowering the valve, by means 
of a thumbscrew, the partition 
in the valve.is raised or low- 
cnnl and the relative gas- and 
air-port oi>enings can be va¬ 
ried, while the total opening 
remains constant, in order to 
B<ljust by hand for widely 
varying gas quality. 


The vah'e Is opened atjd closed by a slight rotary movement 


imparted to it by the actuating mechanism, which is driven by the 


equivalent of a variable length crank mounted on the governor bar. 
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A well-known English method of ''variable admission" or 
f^qantitativc governing is shown in Fig. ITm. 1'hc governing is 
effected by varying the lift of the inlet valve by varying the position 
of the fulcrum A on which the radius-lcvi'r li rotates. The control 
of the position of tlic fulcrum by the governor is evi«lent from the 
drawings. The mixture of uir and gas^takes plaix.^ at the admission 
valve. 

When economy is not of the gix'atcst imjiortance, the |>owcr of 
the engine may be controlled by varying the point (d ignition. It has 
been shown already, I'ig. KHt, page 17."), that the power of the engine 
decreases as the lead of the ignit ion becomes less. If the ignit ion occurs 
after the beginning of the stroke, the lead is said to Ix^ negative, and 



the power is greatly decreased. If the lead is Increased, Fig. 110, 
there stilt results a decrease of power. The control of the power 
by varying the ignition alone is always uneconomical, but the method 
is one of extreme simplicity. 

With qualitative regulation the spark shouM lx; advanced, with 
decrease of load, over the setting at maximum loud in order to allow 
more time for the combustion, which is slower with the weaker 
mixture, Fig. 147. 

Combined Systems. 'The best of the modern methods of govern¬ 
ing is a combination of the qualitative and quantitative methods. 
As the power of the engine decreases, the strength of the mixture is 
decreased till the most economical mixture is reached. For lower 
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TABLE XIV 

DaU on Engine! Giving Efficiency Curves of Fig. U, 
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loads, this most cconoinicnl mixture is kept, but the amount of it 
admitteil to tlic cylinder is decreased. 

The cards shown in Fig. 150 are taken from an engine which has 
a combination of the qualitative and quantitative methods of regu¬ 
lation, and bi'sides has a governor-actuattxl ignition advance, so that, 
as the load falls off, the ignition is advanced to give as nearly constant- 
volume combustion as the mixture will allow. The operation of the 
mixing apparatus is as follows: With a maximum lead on the engine, 
the quality of the mixture is such as to give the highest mean effective 
prcs.sure and the maximum compression possible. When the laid 
falls off, the strength of the mixture decrease.s until the load on tlie 
engine has decreased to about 25 piT cent of the maximum load. 
After this, from 25 per cent of the maximum load down to 
friction load, the charge is no longer weakened but is vnrieil in quan¬ 
tity by throttling. It will be notiecd by examining these diagrams 
that the compression is practically constant for all loads except the 
wry lowest. It will also l>c observed that the combustion is much 
more rapid througliout the range of loa<ls than is the case in Figs. 147 
and 151. 

A few typical efficiency curves of engines fitted aith the 
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various systems of reguiation, for various percentages of the rated 
load, are shown in Fig. 157. Table XIV gives the explanatory 
data corresponding to these curves. 

VAbVES AND VALVE GEAR 

Valves. The inlet and ejihaust valves in gas engines are nearly 
always “poippei or mushroom valves with conical seats similar to those 
ahown in Figs. 44 to 107. The lift is usually about one>fourth the 
diameter. The exhaust valves 
are nearly always mechanically 
opi‘mteil; the main inlet valves 
are sometimes automatic. The 
automatic valve is similar in 
action to a pump suction 
valve, and is kept on its seat 
by a weak spring, opening only 
when the pressure in the cyl¬ 
inder is syfficiently below the 
atmospheric pressure to permit 
tlic latter to overcome the re-^ 
sistunce of the spring. Con¬ 
sequently, the suction or ad¬ 
mission pre.ssurc in the gas 
engine is always low when auto¬ 
matic inlet valves are used. 
Tlie effect is to decrease the 
amount of the charge taken in, 
the work done by the engine, 
and its efficiency; the only ad¬ 
vantage is the greater simplic¬ 
ity. Most mall ga^, engines 
have automatic inlet valves. 
A positively actuated admission valve is shown in Fig. 158. 
The valve is liftcil by a cam a on the «de shaft b, through the lever 
fulcrumed at c. The valve closes by its own weight, ai^sted by a 
spring, and is guided in its motion by a long sleeve. The valve chest 
is completely water-jacketed. Tlw exhaust valve is located directly 
behind the admission valve and is actuated by a similar mechanism. 



flf. ISS Vnlv« Mnllon fnr Albcrgrr Engiw, 
Valvi-m U li> (i liiohr. in Di*niett>r 
«/ ■Uix'rtjrr Cat EnQiat Company, 
Buiah. 4\t» Vwk 




GAS AND OIL ENGINES 


227 


1'^is arrangement of valves and method of actuating them, as applied 
to larger engines, is shown in Fig. 159. In this arrangement the inlet 
valve is locatt*d directly over tlie exhaust valve and is actuated 


through an additional lever and ihmI as 
shown. Other positively actuated inlet 
valves arc shown in preceding figures. 

The pressure in the cylinder when 
the exhaust valve opens is generally 
from 25 to 45 pounds above the utinos- 
plieric pressure, and the exhaust valve 
has to l>e lifted against this jiressure. 
With a mushroom valve 4 incla'S in 
diameter, uml with 41) pounds pressure 
per square inch at the end of expan¬ 
sion. there would be a tc;tal pressun* 
of alxxit 500 pounds (»n the valve at 
the time wlun it is to be lifted. It is 
desirable to more favorably take cure 
of the strain on the valve inechunisin, 
and in large engines this is sometimes 
done by making the exhaust-valve 



Fif I'iO. Naive Motien lor AlbeifW 
KoKMie Valve* Ktreedinf Ol Inchw 
in iHanirier 
n] S/iiergvr Oat Kofint 
I'ompany, Au/uJe, 

.\>ui York 


actuating rod lift the valve, rather than push it up; thus putting the. 


rod in tension instead of compression. 


Valve Gearing, (’amjt and ICccenlrirn. Hie valve.s are most 


commonly ojxTateil by cams. Cams are pref¬ 
erable to t'{’<‘eMtries hir this purpose, because 
they can lie designeil to give very prompt 
optiiing and closing.. In large engines, how¬ 
ever, cain.s soon betxime noisy, due to wear 
caused by the heavy total pressures the cams 
must lift. Jor that reason, eccentrics arc 
substituted in large engines in place of citins, 
the slower o})ening and dosing lieing mure 
than offset by the quietness of running. The 
cam.s or eccentri/’S are mounted upon a lay 
ihaJt,OT»ide8kuft,or camshaft. The camshaft 



Tic ino Typr Spinl Gnr 


b driven in different engines either by rp»r gears, hecel gears, or spiral 


or skew gears. The spur gear (see Fig. 27) can be used only for parallel 
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shafts; the bevel gear, for shafts which are in the same plane but are 
inclined to one another; and the spiral or skew gear, Fig. 160, for 
shafts which are not parallel and do not lie in the same plane. To 
reduce the speed of the camshaft, the spur and bevel gears must have 
the gear on the camshaft twia' the size of that on the main shaft. 
With the spiral gear, there nece^ry relation between the diam* 
eters of the two gears and, generally, the gear on the camshaft is 
smaller than that on the main shaft. The spiral gear has great 
advantage over tiic other two in its quietness of operation. 

Dmible-dear Drive. In large gas engines the lay shaft is some¬ 
times driven by two sets of spiral gears, in which case the only duty 
of the first lay shaft is to drive 
the second lay shaft and the 
regulator head. The duty of 
the^«?ortdIuy shaft is to oper¬ 
ate the valves, igniters, etc., 
and to that end the eccentric's 
and cams are all mounted on 
the second lay shaft. It is a 
very common practice in such 
drives to have an odd number 
of teeth on the spiral drive 
gears—or, as it is called, a 
“hunting tooth*’. By this 
means the same two teeth, on 
driver and driven gear, come 
into contact infrequently and the wear on the teeth b evenly distrib¬ 
uted around the gear and the life of the gear thus increased. 

Valve Setting. Moderate-Speed Engine Practice. The timing of 
the various events in an OttoKiycie gas engine depends greatly 
on the speed of rotaticn of the engine; the higher the speed, tlie earlier 
should be the exhaust and the ignition. For engines of moderate 
speed, the exhaust valve opens from 30^ to 60^ before the crank 
reaches the out dead center; and closes when the crank is on the in 
dead center, or shortly after, sometimes as much as 15* after. Hie 
admission normally begins 5* to iO* after the tn dead center, and 
ceases about 10* to 20* after the out dead center, with mechanically 
actuated valves. 
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Setting the Valm to Help Seavenging. In some engines, especially 
in the laige ones, the fact that the moving column of exhaust gas 
has considerable inertia in flowing through the exhaust port is utilized 
to scavenge the cylinder. Because of this inertia the exhaust gases 
will keep on flowing out of the exhaust port even if the inlet valve is 
opened as much as 20* l>eforc the in dead center. The inertia of the 
exhaust will also create enough suction on the air to suck some of it 
through the inlet port, driving the exhaust gases out of the clearance 
and at least partially scavenging the cylinder. The gas valve is then 
opened about 10® before the in dead center, since there is no danger 
of the exhaust gases firing the incoming mixture as there is a stratum 
of air between. The inertia 
acquired by the mixture dur¬ 
ing the suction stroke is sinii- 
larly utilized to obtain more 
complete cylinder filling by 
keeping the inlet valve o|h*ii 
until as late as 30* after the 
Old dead center. Theadvaiu^* 
of the ignition de])ends largely 
on the kind of ignition em¬ 
ployed; it averages about 30* 
with electrical ignition. 

In Fig. 101 is shown the 
valve setting of one end of a 
large double-acting horizontal f>* 

tandem producer-gas engine. 

The valve setting of a reversible two-cycle marine Diesel engine 
is shown in Fig. 102. In this engine the reversing angle—the angle 
through which the valve diagram must be displaccil in order for the 
engine to wn normally in the reverse direction- for the scavenging 
air is 58®-26* or 32®, and for the fuel injection is 4I®-5* or 36®. 

Typical Valve Timing. The respective lags and leads of a 
high-speed motor-automobile, marine, or flying-machine motor— 
^ould be, greater in proportion as the motor is intended to run at 
higher rotary speed. For a motor intended to run at normal speed, 
say a 4X5-in. motor to run at 1200 revolutions per minute, the follow* 
ing timing w ould be suitable: 
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Exhaust opens 40® ahead of bottom dead center 
Exhaust closes 5® past top dead center 
Inlet o|)ens 10® past top dead center 
Inlet closes 20® past bottom dead center 
In motors intendcxl to run at very high speed, and consequently 
providt^d with valves of ver> larg^ diameters, the timing may be 
made as follows: 

Exhaust o|)ens 45® ahead of bottom dead center 
Exhaust closes 10® past top dead center 
Inlet o\)cm 15® past top dead center 
Inlet closes 30® past bottom dead center 
If the high-spee<l motor is timed to give the very best output 
at high speeds it will not run so satisfactorily at low speed, and will 
not be as flexible. This is due to the fact that when the exhaust 
valve opens very early, some of the power otherwise available at 
low speed is lost through the exhaust, and when the inlet closes very 
late, some of the charge drawn in during the suction stroke will be 
forced out again during the beginning of the compression stroke. 

The correct valve setting of a Knight sleeve-valve automobile 
motor is approximately as follows: 

Exhaust opens 55® ahead of bottom dead center 
Exhaust closes 15® past top dead center 
Inlet opims 5® past top dead center 
Inlet closes 40® past bottom dead center 


STARTING 

General Nature of Ihoblenh A gas engine will not start itself 
in Uie way a steam engine does, when steam is turned on. It is 
necessary to get the engine in motion 
by means of some s]XTiul source of 
power, before it can take up its nor¬ 
mal cycle of operations. Generally, 
this special source of power is not 
aflequate to get the engine moving 
rapidly when it is ronnected to any 
nt. tM. UaiiiMhiutudisi considerable load; it is always prefer- 
a^, and often necessar>*, to throw the load completely oil the engine 
till it gets under way. 
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In the normal running of an engine, tlie ignition of tlie charge 
occurs before the end of the buck stroke; and, if the time of ignition 
is kept the same when starting, there is the possibility, oftt;n the cer> 
tainty, that the high pressure of the explosion acting on the piston 
before the crank has reache<l dead center, will overcome the inertia of 
the engine, which is small because of its low speed, ami will reverse 
its direction of rotation. The ignition has to he returded by some 
device, so that it will not occ^ur till after the crank has passed dead 
center. An example of a device for retarding the ignition (with make- 
aiid-break ignition) is giveti in Fig. 1H3. The igniter rod A (rampare 
with/, Fig. 117), whi(‘h is worknl by a crank on the side sliaft B, is 
supported during norinul running on the reel C, whi<‘h is loose on the 
fixed spindle />. In the |K).sitioii shown, it is just about to trip the 
interrupter lever E on the spindle carrying the movable electrode. 
When starting, the reel (' is slid along the spindle D so that the 
igniter rod .1 rests, us shown in the dotted lines, directly on P; con¬ 
sequently the tripping occurs later. 

Hand Starting. There arc several general methods of starting 
gas engine.s. I f the engine is small, not exceiHiing 10 horsepower, and 
can be discx>nnceted from its load, it is common to start it by turning 
it over by hand for a few revolutions, til) an explosive mixture is 
admitted and ignited. As it is diflicult to pull the engine over when 
the charge is compressed for the whole back stroke, most engines arc 
provided with an extra exhaust cam which is put into action while 
starting, and which not only opens the exhaust valve during the 
exhaust period, but also opens it again during the first part of the 
compression period, so that some of the explosive mixture is forced 
out of the cylinder and the amount of compression decreased. The 
explo^on of this diminished charge after the crank has passed the 
dotd point, starts the engine going; and after operation under these 
oonditionsjor several cycles, the engine will come up to speed if it is 
not loaded heavily, and the compression and ignition may then be 
changed back to the normal running conditions. 

Compressed-Air Starting. With large engines it is impracticable 
to start by hand, and other devices have to be used. One of the 
simplest and most certain is to start the engine by the admission of 
compressed air, w'hich acts on the piston just as steam does in a 
steam engine. This method b especially deniable in an engine with 
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several cylind<>rs, in whicli case one cylinder is used as a compressed- 
air cylinder to run the engine till the other cylinders take up their 

normal cycle of opera¬ 
tions; and then the com¬ 
pressed air is shut off 
^ and theiHrst cylinder is 

put into normal action. 


t 



If the engine has only 
one cylinder, it may be 
brought to a good speed 
by the admission of com¬ 
pressed air; and then, 
after the compressed air 
is shut off, it will con¬ 


tinue to revolve by its 


own inertia until an ex- 


])tosive mixture is taken 
in and exploded. 


Fif. ifti. TypiciJ Air CouipreMpr All arrangement fof 

starting a multicylinder engine with compressed air is illustrated 
in Figs. 49 and 101. A compressor, Fig. 104, which is driven by 



fig. IM. Ditgrtmnuiiic Amocemret o( C*m-CoMrw1lMl ^-mrnwril filr 8un«r 
CoiiHMit Oftt aiftnr ConjwHV, JtfaiwtMirr, 


a belt from the engine, forces air into a storage tank, and brings 
it to a pressure of about ICO pounds. In case of need the com¬ 
pressor can be operated by hand. Vij^n the engine is to ba 
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started, the compressed air can be admitted to one ol the Qdin- 
ders. The cam B, Fig. 49, on the upper shaft is first thrown out 
of action, by a special dcsice, so that the inlet valve J cannot 
open. The hand lever on the outside of the crankcase near the cam 
A is thrown over, putting the ordinary exhaust cam A out of action, 
but bringing into action a double cam Ahich keeps the exhaust valve 
E open throughout every upstroke of the engine. Another cam on 
the same shaft is brought into action at the .same time, and operates 
a starting valve on the pipe from the compressed-air reservoir, 





le*. Starting Om Falrbtnlw-Wflri# Engln* 

CtHH4$v «/FatrtenAs. Morn, and ContpnHH, TAiratf* 

Admitting compresseti air ti> the cylinder on every down strokes 
The cyliji^er then acts as a compressed-air enj^ine till the cxploMons 
b^lin in the other cylinders, when the cams B and A are brou^t 
back to their normal positions and the starting cylinder functions 
nmmally. In oUier engines, compressed air is admitted to the cyliu* 
der during tlie expansion stroke, by manual operation of a special 
valve. After two or three admissions during succesMve cycles, the 
enjfag will attain speed enough to permit the opening of the gas 
valve |»d the cmnmencement of the cyde. 
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The arrangement in Fig. 165 shows diagrammaticaliy a belt* 
driven compressor and the other accessories. The air is admitted 
from the receiver at the )^ropt^r time through the action of the cam- 
conttolled valve. 

Combined Hand- and Ignition-Starting. With engines up to 
50 horse|)ower, a a>ininon ntethod of starting is to ignite a charge 
which has Iwtu <lrawn into the engine by turning it over by hand. 
The engine is brought t() the beginning of the expansion stroke, and a 
definite amount of gns<»lino is put into a cup which connects with the 
cylinder thmugh an o|)cn cock. The engine is then pulled over till 

the piston has made half 
' _ j forward stroke, air 

^ ^ being drawn in aiul form- 
ing an explosive mixture 
Kl*' gasoline which 

mV enters at the same time. 

■m! gasoline valve is 

H' ; _H |/ ^ g then closed, and the cn- 

B / gine turncflquickly in the 

|| I / a op|)osite direction; the 

1 j charge is comi)ressed as 

K / much as possible, and 

W ^ y' *^1 *'** '* The igni- 

■ ' M ^ -1 ti«»n is brought about by 

»\ tripping the electric ig- 

^ 1 -L niter by huiul, or by the 

Vif. 147. M«ihini of Siimtiyiiic Khkhic wiih iiseof H s]>eciaidetonator. 

CoiitumM^ Ohurgr - . , 

It IS not {M)ssihle, with a 
loaded engine, to compress the <‘harge muf'h hy hand, so that this 
method is applicable only to engines of nuHlerate size which can be 
disconnected from their starting load. • 

If the engine has to start under iniHleratc load, it is generally 
necessary to supply it with n charge which has Ihimi ctimpressed to a 
high pressure. This can l)c accomplished hy setting the engine with 
the crank about ten degrees past the dead center on the expansion 
stroke, and then pumping an explosive mixture into the cylinder, 


Fig. 166, till the piston begihs to move. At that instant the charge 
U igiuted, and the work done by the expaiLsiop of the exploded charge 
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will !)c enough to start the engine on its cycle of operations. Another 
method of accomplishing the some thing is to ctmiu'ct the cylinder 
K, Fig. 167, with a special starling clmmljcr /). When the engine is 
Wing shut down, the si>ccial inlet valve A is lifteil from its scat, .so 
that at each suction stroke air is drawn tlirough the < haralHT J) by 
way of the valve F,. The chamWr i?, the cylinder, and the con- 
nei'ting pipe are thus filled with pure air at atmospheric pressure. 
WTien the engine is to l>c started, the gas cwk C is oirmunI and gas 
flows both into the chamber /) and into tbc cylinder, a cock on the 
<'ylin<ler being opened. A pilot light 
burns across the o[>ening above the valve 
F, and after a short time a combustible 
mixture of air and gas issues and catches 
fire. If the c(K’k C is then ehwctl, the 
flow of tlu' explosive mixture stops, and 
the flume eonse(pientiy sh<M)ts back past 
the valve F an<l ignites the mixture in 1), 
closing the valve F against an upper face 
by the forc-e of the explosion. The 
flame proceeds to the cylinder, the con¬ 
tents of which will have betm compressed 
by the explosion in I), and cause’s an 
explosion there. 

Starting Automobile and Marine 
Motors. Electric Motor. Automobile 
and marine motors arc often .started 
either by an electrio motor or by wm- 
pressed air The starting electric motor Cv«rl>«tr •'/ Crnu Malor Campang, 

, . » # t • I 1 OrfreU. 

has a pinion on its shaft which can Im‘ 

engaged and disengaged with gear teetli cut in the flywheel, rim. 
The mnjlor is supplied with current from a storage battery, which is 
recharge<l by a generator wliicli is always in gear with the engine. 
This generator is also use<l to supply current for the electric lights on 
the car or boat. Tlie starting switch is oi>erutcd by the (ledal that 
moves the motor drive pinion in mesh, so that as the gi‘ar meshes 
the electric motor is started and wlien tlie ga.y)line engine begins to 
function normally the pedal is returneil to it.s original position, thus 
disengaging the drive pinion and stopping the motor. 



I'lH JfJ». Crwiwit Air Cnnk ftir 
Nliniir tir AuUimnbili) MoUtT-;- 
Top Vi-w Showma Norm*! Poti* 
iKiiiof CrMk: l.owrr \irw Hfm«> 
tni Ardon i»< Device an Crtnluat 
M.iicr ^ 
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Compressed Air. If compressed air is used, the usual arrange¬ 
ment is to lead the compressed air from the storage tank to a rotary 
distributor, driven by the camshaft at half the crankshaft speed, 
which distributes the air at the proper time to pipes leading to each 
cylinder, the pii)c being connected to the cjHinder through a check 
valve which prevents the explosion blowing back into the starting 
air pipe. 

Air Craifk. Another device for starting automobile or marine 
motors is known as an air crunk. As shown In Fig. 168, this appara¬ 
tus consists of u frame, a short shaft and ratchet, and a crescent¬ 
shaped cylinder, ill which travels a piston and curved crank arm that 
carries a pawl. This air crunk is mounted in front of the flywheel, 
and its shaft is attached to the front end of the engine shaft by a 
flexible joint. 

When the operator touches a push Hutton, a charge of air 
throws the crank arm over half a revolution, the pawl engages 
the ratchet, and the motor is cranked in the natural manner, only 
with such speed and power as to give the motor several complete 
revolutions, a quick suction on the carbureter, and a hot spark from 
the magneto. In most cases, one or two throws arc sufRcicnt, but, if 
necessary, the engine can be cranked about fifty times, as rapidly as 
the button can be pushed. 

Starting Large Engines with Compressed Air. I^rgc gas engines 
are generally started by compressed air. One system is the same as 
that described for automobile snd motor-boat engines. In another 
system, each cylinder end is fitted with a double check valve—one 
spring-loadixl valve is held against its seat by the explosion pressure in 
the cylinder, the other check, or “pilot valve", as it is called, is held 
against its seat whenever the starting air is turned on to the system. 
This pilot valve can be opened by a n>d, which is actuated by a cam 
on the lay shaft and, when open, admits the air to the fi^st valve 
mentioned—the cylinder check—which is opened by the pressure of 
the compressed air, thus admitting the air to the cylinder. In this 
way each cylinder end in turn receives an impulse from the com¬ 
pressed air during its normal expansion stroke, the compressed air 
b exhausted during the normal exhaust stroke, and suction and' 
compression of the mixture occur as in the normal running, to be 
followed by explosion. As soon as all cylinder ends are firing rt^- 
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Urly, the air is shut ofT, and the pilot valves drop b>- gravity allowing 
,the push rods to drop far enough so that they arc not actuated by 
the cams. In this way the starting mechanism is entirely out of 
gear except when it is being used for starting 

With any compressed'air starting gear in which all cylinders 
arc both air cylinders and combustion cylinders during starting, 
great care must be usc«l not to open the gas throttle too wide in 
starting, since, if too much gas is present with the high-pressure air, 
the explosion pressure may l)e excessive and enough to wreck the 
engine. 

COOLiNO 


Air Cooling. In very' small engines, it is |)ossil)lc, wlicn the engine 


is placed in a strong curn'nt of air, t(» replace the water jacket hy a 
system of thin metal rihs (Fig. Ififl) or points on the external surface 


of the cylinder. The current of 
air can be obtained either fnnn a 
fan driven by the engine, or, us 
in motorcycle or revolving-cylin¬ 
der motors, by the movement of 
the engine itself, A cooling 
system in which a .suction fan 
creates a current of air about 
«ich cylinder of a multicylinder 
engine is shown in Fig. 77 and 
described on page I. ‘13. 

Water Cooling. Cylindtr 
Barrel and Cylinder Head. In 
ail the precerling scctioiml views 
of gas-engine cylinders, it will be 
seen that the cylinder barrel and 
the cylinder head have double 



Fig too. of CyKAdtY ShowiAg Fit* 

tlMi lor Air CooUng 


walls, an(k in every case provision isAiadc for the active circulation 
water through the space between the two walls. Without the use a 
voter jacket or some equivalent device, the engine would be inop¬ 
erative, not only because the high temperature to which the cylinder 
would be raised by the explosions would vaporise the lubricating oil 
and cause the rapid destruction of the cylinder, but also because the 
entering mixture would be exploded before its time, by contact with 
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the hot metal. In large gas engines the cylinder and cyllnde^head 
jackets are usually separate and are provided with independent 
water circulation systems. 

Exhaiut Valve The necessity for effective (‘ooling is greater in 
the larger engines; it is neccssiiry to water*jackct the exhaust valve 
in large engines, in order tlnM it may not be warped out of shape by 
the high temperature, and may not he hot enough to ignite the 
entering charge. 

As can be st‘en from the M'ctionnI views of engines in earlier 
pages, tlie effective cooling of the cxhiiust-vidvc liejul Is insured 
by conducting the Inlet jacket water to the head !)>• a pipe within 
the valve stem. The water overflows from the top of this pipe, 

cooling the head.and |>asses 
tiown Ix'twcen the pipe and 
the walls of the valve stem, 
thus also coolitig the valve 
stem. 'Water is admitted 
and <liscltnrged from mov¬ 
ing valves in a variety of 
ways* by means of flexible 
connections made of rubber 
hose; I)y swing-joint pipes; 
by telesco|>e lubes;bya pipe 
sliding through n stuffing 
l>ox into a' chamber—a so- 
called '‘shot gun'*; and the discharge may also b4': taken off by simply 
allowing the moving end of a pipe to disc'hargc freely into a catch basin. 

Piston and Piston Hotl. I.Argc single-acting and all double¬ 
acting engines must have their pistons water-cooled in order to 
prevent over-heating of the machine parts, prc-ignitions, lubri¬ 
cating and packing troubles. The jacket Water can be admitted to 
and discharged from the moving piston in any of the ways enumerated 
above in the ease of exhaust valves. The means for admitting and 
discharging the jacket water from a large trunk piston is shown in 
Fig. 63, page 119, and Fig. ItX), page 163. and from a large single- 
acting piston fitted with a piston rod and orosshead, Fig. 162. In 
double-acting engines the piston rod must he cooled as well as the 
piston itself. This is an advantage, sine? it would be difficult to get th? 


J IIL 
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water into and out of the piston if the piston rod had to be uncooiod. 
The usual manner of cooling the rod and at the same time getting 
the water into the ])iston and out of it, is shown in Fig. 170. The rod 
is l>oreil from l)oth ends, leaving a )>artition midway of its length. 
The rod is then drilkHl, top and Ixittom, into the eliainlaTs tluisformed; 
and the piston, which is proviileil witlrpi{M>s in the jai ket apart to 
carry the inlet water to the bottom of the piston and take the dis¬ 
charge from the toi>--thus insuring the (‘ooiing of the bottom of the 
piston and that the piston shall always remain full of WHter*~is 



Fit >;i. AmiBgeiscDi ill WiterCircul^MS for Eocta* Cylinder Jteketa 


forced on to the rod and up again.st a shoulder. In this way the water 
is introdurtd at one end of the iwi and disehargeil from the other. 

Industrial gases and blast-furnace, pnxiucer, or coke-oven gas 
often contain some sulphur, and if the piston rods are allowed to run 
too cold they will sweat and the moisture thus formed will combine 
with the sulphur in the gas to fonn sulphuric acid, which will attack 
the rod and other {larts of the engine. In ailditioii. if the rod sweats, 
it is impossible to properly lubricate it, which gives rise to packing 
troubles; and the fact that a film of oil is nut protecting the rod makes 
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it more liable to attack from the sulphuric acid. To overcome these 
troubles the piston rod must be run warm enough to prevent ft 
sweating. This is usually accomplished by first running the piston 
jacket water through the cylinder heads and then through the pistons, 
thus warming the water before it Is introduced to the piston. 
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considerable capacitjr, connected at its bottom to the lower part of 
the jacket, and near its top to the upper part of the jacket. The 
water in the jacket, being hcatetl, rises and flows to the upper part 
of the tank, wlierc it cools by contact with the air and with the sides 
of the tank. Cold water from the bottom of the tank flows to the 
cylinder jacket to take its place. A ccgitinuous circulation is main¬ 
tained by the difference of density between the cold and the heated 
water. In large engines, when a large amount of water mast be 
cirt'ulated, this method is generally loo cumbrous; and the water is 
taken from some constant soura* of supply, such as the city mains, 
although if the location of the plant is such that water is expensive, 
u cooling tow er or pond, in either of which the water is sprayeil and 
cooled by c-oiitact with the air, can bo, and generally is, installed. 



Cig Ktigmr 


A small, inexpensive installation of this type is shown in I’ig. 172. 
The piping and valves are always »o arranged that it is possible to 
iiraw the water from the jacket. 

AVitb portable engines, such as are used for agriciiltural pur¬ 
poses, it is generally impracticable to arrange for a water circulation 
in the jacl^et. In such cases it is usual to have a large water cliamlxrr 
on top of the cyliiuler. Fig. 173, communicating with the jacket and 
oiwn on to|> to the atmosphere. The water in tlie jacket will gradually 
lx)il away, but may be replenisheil occasionally by pouring in a bucket¬ 
ful of water. 

REGULATING FUEL MIXTURE 

Ah’ Siq)ply. The air ustxl in the eiigin may be taken from the 
engine room or from the outside. The inrush of air to the air pipe 
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muken a noise whicli is often ohjectioiiahlo in tiie engine room, but 
which can bt^ greatly reduced if tlie air is taken from a large chamber, 
as in Fig. 28, where it is taken from the base of the engine. 

Qas Su{^iy. If the gas is taken from the city mains, the intermit* 
tent action of the engine in admitting gas will cause considerable Hue* 
tuation of prei^urc in the sup|)ly pipe, winch is undesirable, because it 
makes variable the amount of gas admitted, and also causes flickering 
of any lights supplied from the same pipe. To reduce this fluctuation, 
it is usual to insert in the gas supply pipe a rubber bag which partly 
collapses during the admission stroke and fills out again during the 
other strokes. Any enlargement in the gas supply pijKj will serve 
the same purpose, but the flexible rubber bag is more effective than 
a mere enlargement. 

Methods of Mixing. The air and gas should l>e mixed as thor* 
oughly as possible on their way to tlic cylinder, 'i'his is .satisfactorily 
accomplished if the air and gas have to |)ass tlirough a common 
admission valve after they are mixcti, as in Figs. 49 to (')7. 

Regulating Strength of Mixture. The method of varying the 
strength of the mixture depends upon whether the gas is ricli or lean 
and whether it is supplied to the engine under pressure, or not. For 
instam^, if illuminating gas is used, which is supplied under pressure, 
the strength of the mixture is adjusted by throttling the gas supply, 
the air supply being left uncontrulUst. On the other hand, if the 
engine is run on prcxhui^T gas made in a suction pnxiucer, for which 
the engine furnishes the suction, the air supply alone is throttled to 
vary the strength of the nuxturt^. since by closing off on the air supply 
the suction on the prixluccr is iturca.si'il, the amount of gas sucke<l 
into tlie engine m pro|>ortion to the amount of air is increased, and 
thereby the strength of the mixture is increased. These are the two 
extreme cases and for any iiiternu'diate case a combination of both 
methods of I'oiitrol is udoptctl; both the gas and the air .supply are 
throUletl in tlie correct proportion to the best possible mixture. 

EXHAUST 

Mufflers or SUencers. If allowed toeseape direct from an exhaust 
pipe of uniform cross-^tion, the exhaust is a source of annoyance by 
rrason of the loud noise which it makes. 

As the expanded charge is generally at a pressure of thirty to 
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tilty pounds aiiovo atmusphiric pressure ut the moment of the 
opening of the exhaust, tlic exhaust starts with very great veloeity; 
and if pt'rmittcd to go directly to tiie air, it makes a detonating noise. 



Fi, 174, •Slits in Kihnusl «ih1 Pipes iu MuBlei (or lif1<H-Uug sHi tii l.iliaust 



To reduce or prevent this noise, various devices, known as mufflers of 
silencers, are in use. For a .silent exhaust, the gases .should escupe 
at a comparatively slow rate; and this has to be accomplished by 
lowering their pressure. 

















2M GA9 AND OIL ENGINES 

TABLE XV 


Comparitlve Hnt Louo In Lar|e Ou uid Oltwl EnflnM 



LAtoa Gab ENOiNat 

B.t-u. per b.p. 

DitML EMatMn 

B.t.u. pw b.p. 

Hourly heat con¬ 
sumption. 

Hourly heal Icmi to 
the Jacket water. 

Hourly heat lost in 
the exhaust gascit 

Total hourly hea* 
wuBted. 

11100-9150 

2800-2650 

4350-3300 

7150-5950 

7950—7350 

mnHj 


Tile simplest device is to Imve the exhaust pipe discharge into 
an exhaust chamber or pot, as in Fig. I7I, before going to the air; the 
enlargement of volume causes a corresponding fall in pressure, and 
the final escape to the air is consequently at a diminished velocity. 
It is better, in larger engines, to have the admission of the gases to 
the silencer through slits in the exhaust pipe. Figs. 174 and 175, as 
this prevents too sudden an expansion into the exhaust chamber. 
The escape of the gases from the muffler may be either through 
numerous holes in the periphery of the muffler; or through short 
lengths of small-sized pipe, F'ig. 174 ; or through holes in sheet-metal 
cones fixed inside the muffler. Fig. 17G. The repetition of the muf¬ 
fling device, forcing the gases to go through holes in concentric drums; 
or through two sets of pipe.?, Fig. 174; or through several cones, 
Fig. 17C; insures quieter action of the exhaust, hut at the expense of 
some back pressure in the cylinder, which, in bad cases, may seriously 
decrease the effective work done there. In Fig. 176 a central tube is 
shown, to which tlie gases have free access, and from the end of which 
they escape with high velocity; this gives a so-called ejector action 
to the muffler, the high velocity of the gases escaping from t^e central 
tube creating a partial vacuum in the nozzle and helping to suck the 
gases through the muffler. 

It is claimed tiuit an increase of power can be obtained with a 
well-designed muffler using this principle. In large en^ea H is 
customary to Jacket the exhaust pipe. Fig. 175, and also to inject 
some of the jacket water into the pipe. This has the effect of lowering 
the pressure of the exhaust gases by cooling them; and it is a moat 
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MtUfactory method, since it brings no back pressure upon the engine. 
It is not, however, sufficient by itself to make the exhaust noiseless. 

For automobile use, the muffler is usually made about twelve 
times the volume of a single cylinder, however many cylinders there 
may be. It is also provided in some^ cases with a muffUr cui-oui, 
permitting direct exhaust to the atmosphere, which is useful in case 
of the muffler becoming clogged, and also for ascertaining, by the 
noise of the exhaust, whether the engine is exploding regularly. To 
make the noise nearly imperwptible, a good plan in stationary 
practice is to have the pipe discharg** near the bottom of a pit filled 
with large stones. 

Utilization of Waste Heat. The major portion of waste heat in 
an internal-combustion engine is lost to the jacket water and in the 
exiiaust gases, and amounts to about two-thirds of the total heat 
consumption. In the case of large installations the heat is distributed 
approximately as shown in Table XV. Where warm water of 100 to 
ir)0* F. can be used in the plant—for heating the building, for 
instance—the jacket water can be used directly. 

The exhaust gases themselves are not adapted to the develop* 
ment of pDwer and, therefore, their heat must be absorbed as close 
to the engine as possible by a better heat medium such as the hot 
jacket water. This is done in a cast- or wrought-iron heater. In the 
transmission about 40 to 70 per cent of the exhaust heat is absorbed, 
so that in large gas engines about 2000 B.t.u. and in Diesel engines 
about 1400 B.t.u, per horseiwwer hour of the engine rating is recov¬ 
ered. In the design of the heater, care must be taken that the back 
preifflure on the engine is not increased seriously; the cooling, and 
consequent contraction, of the gases tend to ffiminish the resistance. 
In any ca.se the back pressure will be greater than with a free exhaust. 

In a.lSTiO-horsepower blast-fumace-gas engine, equipped with 
an exhaust heater, 2405 pounds of jacket water per hour have been 
evaporated into steam at 100 pounds gage pressure, representing 30 
per cent of the waste heat in the exhaust gases and jacket water 
available in the form of steam, or 20 per cent of the lieat delivered to 
the en^ne. If this steam were used in a turbine about 20 per cent 
it, or 4 per cent of the heat delivered to the gas engine, would be 
converted into work, thus increasing the thermal effidency of the 
plant 4 per cent. 
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TABLE XVI 


Heat Cost of Various-Priced Puela 


Ftjti. 


lUrBmNTAnvB Pbicu 


B.T.U. FOB 
OncCbnt 


Acetylene, from carbide. t... 

Denatured alcohol. 

Watw gae. 

Air goe, from goeoline. 

Coal goa. 

Gasoline. 

Kerosene. 

Natural gas. 

Charcoal . .. 

Petroleum. 

Producer gas, from uithra(4te ... 

Producer gas, from coke. 

Anthracite. 

Producer gas, from soft cool. 

ciike. 

Mood producer gas, from soft coal. 
Soft cool. 


SO 10 per lb. 

40 per gal. 

1.00 per Togo cu. ft. 
.25 per gal. 

I 00 per 1000 cu. ft. 
20 per gal. 

15 per gal. 

.50 per 1000 cu. ft. 
.10 per bii. (15 lb.) 
.05 per gal. 

7.00 per ton 
5 00 per ton 
7 00 per ton 
3.00 per ton 
5 00 per ton 
3 00 per ton 
3 00 p4‘r too 


dOO 

2,000 

3,000 

8.000 

6.500 
9,000 

12.500 
18,000 
20,000 
30,000 
30,000 
38,000 
46.000 
50,000 
54,000 
65,000 
80,000 


COST OF FUEL 

Relative Cost of Different Fuels. Cost is one of the most impor¬ 
tant factors determining the choice of fuel in any engine. In Table 
XVl is given the number of B.t.u. that can be bought for one cent 
with fuels at the stated prices. 

The relative cost of power developed by oil, gas, and steam 
engines depends on the cost of the oil and of coal, and this varies with 
the locality and the kind of oil or coal. In refining Pennsylvania or 
Ohio petroleum, not over ten per cent of the oH can be collected as 
gasoline, so that tliis oil, which is the easiest to use, is not available In 
as large quantity as the heavier oils, and, consequently, has a con¬ 
siderably higher cost. Kerosene forms twenty-five to fifty per cent 
of the crude oil and is consequently cheaper. Fuel oil and crude oil 
are the cheapest, but are also the most difficult to bum satisfactorily. 

DESIGN DATA 

The figures given in the following pages represent ave>^ge 
American practice and, in most instances, European practice as well. 

Usual Compression Pwssiires. In Table XVII are given the 
range of compression pressures and the average practice for the 
most common fuels as used in the various t^pes of engines. 
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TABLE XVII 


Usual Compression Pressures for Different Fuels and Engines 




CuMrSCHION 1 

FrrL 

Tvrt or Fsoisk 

Aaovc AT' 
Moaniiwc 
Psr.MUKB 

Avibaos 

PBATTirt 



l.h prrsi) 

Lb. per ea 
in (lacrt 

(•aMtliiir ill «Mrl>u> 
nOr. 

Aulomubilo. 

4 :.- or. 

(» 

(tusolmi- 

Siationnrv. 

tw—inr> 

70 

KlTilM Uf. .. 

Hot buil), 2.)n .'ilNI r |>.in . 

;«> - 7r. 

GO 

KOIOM-Ii-'. - - 

Va|Kiiizc4l iM-fon- t iiUTiiin cylm- 

4.V -K.5t 

fir. 

Alixihol-. 

V!i|)oriz(‘4i liifon* (‘iitiTitiic rylin- 

120-210 

1.50 

Fi»-l<»il.. .. 

Injc«-t(Hl into hot hulh lit-foii- 
<• 0 m i> r 4- 8 H i 0 n Horii8liy- 
AkroV't. 

Vi 

4.5 

Fn»-l oil. 

liiji'flwl afOT <*om|)n-s«ion, Fraii- 
rhotti-Otto (\t1»‘. 

•yw 

2.55 


Diem'l CycU-. 

filO 

510 

Nattirul u:L<i 

3 :* It 

Misiium and largo «■llg^lH■K . . 

7r. -UW) 

120 

(’oki‘*ovrn 

Large (■ngim>!i (in (•I'rmaiiyl 

lo.".- ir. 

120 

(*ohI rjih. 

Moslly small; very L’W lariti 




ongin«M. ... 

7.V 120 

IIN) 

CarburHfsl w a t <> r 

. 

Mostly small; vi-ry few laigi 
rnginos. 

75 

00 

Fro<uic«T K<oi 

11} . 

Both large and small engines. 

1OO--J0O 

LtO 

Blast-fiirniu'i' ■ ■ 

Largest engineH built. 

120-100 

155 


* With b<>l niixdiro williout watef injrrlioh. 
I With mntit ibjcclioo. 


Con^>ressk)n Spaces. The rompressioii space, expressed as a 
l)ereentage of the piston displacTment, for hmr-cyfle engines (assum¬ 
ing the ahs«>Iute suction pressure as 12.8 {Kninds per sipiare inch) is, 
on the average, as in Table Will. 


TABLE XVIIl 

Per Cent of Clearance for Various Types of Engines 


• 

TrrM or Fvuikm 

CoMmrjuiov 
Pa.iMi'MK Arovs 
ATMonrKi.iiK' 
l.li p<'r n| in. 

('1 ..aranob 

JVi Crnl 

Gasoline engines, etc. 

42.5 

.alHHil 40 

llluminating*gaa engines. 

M5 

alroiit 25 

ProducM*gu engines.. 

i.to 

about 15 

Bta8t>fumace-tas engines. 

L5.5 

alMHit 12 

Diesel oil et^tines.. 

.500 

7-8 
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TABLE XtX 

Average Mean Effective Pressures Obtained with tfw Varlottf PuaJa 


Prat 

Mban Errccnvt 
Pmuusb 

Lb per eq. in. 

Raunva 
CArAarr 
Rartaans to 

iLLOUINA-nirO 
Oa* ENoiira 

AS OMirr 

Natural gas . 

85 0 

1.10 

Itluminatiog gaa . 

77.5 

1.00 

CtAeoven gas . 

77,5 

1.00 

I^wlucer gaa. 

62.5 

0.81 

Blast-furnace goa... 

57.5 

0.74 

GBSolioe.. 

75.0 

0.®7 

Keroeene... 

56.0 

0.71 

Alcohol. 

55.0 

0.71 

Crude oil (Diesel). 

100.0 

1.29 


Mean Effective fissures. Table XIX gives the mean effective 
pressures obtained witli various fuels, and also the relative capacity of 
the different types of engines, referred to an illuminating-gas engine as 
the standard. 

Diagram Factors. The real value of the . maximum explosion 
pressure or temperature may be found approximately by multiplying 
the maximum pressure or temperature, obtained from the ideal dia* 
graro—adiabatic compression and expansion—by a reduction factor 
which takes into account the decrease of temperature or pressure due 
to heat losses, cooling, etc. The value of this factor is not far from 
that of the card factor, or ratio between the real and ideal efficiencies. 
Table XX giv» the values of these factors as found from practice 
for the various fuels. 

I^esel engines operating at rated load with fuel injection for 
about 10 per cent of the stroke have a diagram factor of from 50 
to 70 pw cent. The diagram factors of two-cycle engines may be 
taken as 0.8 of those (or four«cycIe engines operating on the same fuel. 

Actual Exponents of Compression and Expansion* Curves. 
Exponent of the Compreetion Line, from Practice. The value of the 
polytropic exponent n is not a constant for the entire comprosuon 
line, owing to the varying heat interchanges between the gases and 
the walls during the compression. The mean value varies from 1.% 
to 1.38 for ordinary types of engines, with an average value through¬ 
out the compression of about 1.35. Impi^ect cooling or high waU 
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TABLE XX 

Diagram FacCori for Evpioslon Engines 


FutL 

Ci.MPRKIinlitV 

Dia'.hi^m Factor 
IV f Cent 

Nafural jum.. 

*)- 

ito 

40 rri 

Itluininatina . 

m 

V, 

Coko-oven kuu. 

lUU 

I a:. 

Vt 

Producer gas. 

ion 

itio 

40 -.Vi 

Blast-furnHce gas. 

m 

ISO 

:»0 4K 

Gasolinfl. 

so 

lo.-. 

40 • (W 

KrrOMcno vaporized before suction. 

Koroucnc . 

•i.'i - 

7r» 

;h> 40 

tnnv nil 


IM 20 

Alcohol. 

T.'V - 

210 

72 74 


tcinpcruturcs may raise the value of « above the ailiiiluitie value 
1.105, while loss of char}:c, because of leaky piston-paekiiiK or valves, 
will give apparent values of n that are t«>o small. 

Exponent of the ExiHtn.iion Line, from Prartire. The jmlytropic 
exponent n of the expansion line varies throughout the ex|)ansion. 
At the beginning of expansion, when the cooling surface of the cylin¬ 
der is small and losses to the jacket arc more or le*i balanced by 
continued burning of the charge, the value of the exfwncnt, in most 
cases, approaches the adiabatic value. In some eases the heat from 
continue<l burning may overlNilancc the entirc heat lo.ss, in which 
event the value of n approaches unity. The greater the amount of 
coolmg surface uncovered by the piston, the greater are the heat 
losses and the greater the corresponding values of u; but, near the 
outer end of the stroke, the rise in the value of n is less rapid, because 
of the rapid fall in temperature of the gas and the con.sequcnt smaller 
loM of beat to the jacket. Frequently, the value of n varies irregu¬ 
larly, alternately increasing and decreasing, ol»eying no definite law. 
An incTcaae of piston speed, by rcflucing the time for heat lo;^ and 
consequentiy the amount of the ]os.ses, decreases the mean value of 
R for the entirc stroke. From the above, it is apparent that an accu¬ 
rate average is very difficult. The moan value of n varies generally 
between 1.30 and 1.50, although sometimes an indicator card shows 
as high a value as n equals 1.70. A loss of the charge through 
kNiks at variou.H points increases appreciably the apparent value 
of the exponent, while a sticky indicator gives an apparent error 
In the opposite direction. 
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TABLE XXI 


Allowable Piston Speeds for the Various Sixes and Types of Enflnee 


Emoini 

AiAOWAatB PtaroN SrtBD (8) 

Horwpovor 

Ty^ 

limlu 


Above 1000 

Stationary 

700-1000 

850 

1000 

Stationary 

700— 1000 

800 

700 

Stationary 

700— 900 

750 

.VK) 

Rtattonary 

O-VV- »50 

700 

m 

Stationary 

600--- 800 

6.50 

m 

Stationary 

500- 700 

600 

Small 

Stationary 

iRO-- 700 

550 


Automobile 

600- 1400 

750 


Allowable Piston Speed. The allowable limits of piston speed 
and average practice for different types of engine of sizes varying 
from small to over 1000 horsepower, arc given in Table XXI. 

Allowable Gas Velocity. The allowable mean gas velocity 
through the valves is given by Guldncr as 4500 feet per minute. 
It is sometimes impossible, however, to realize mean velociti^ as 
low as 4^; in fact, in large engines the velocity is ns high as 6000 to 
8500 feet per minute. With a mean velocity through the valves of 
4500 feet per minute the maximum velocity is approximately 7200 
feet per minute. 

It b good pra(*tice to make the diameter of the cxhaust>valve 
seat larger than that of the inlet valve in order to get as much as 
possible of the products of combustion out of the cylinder before dead 
center is reached—the greater diameter giving a larger area with the 
small lift that the valve has before dead center. The exhaust pipe, 
from the cylinder to the muffler, should have a cross-sectional area 
of from 1.1 to 1.3 tinKS the area of the free cross-section of the 
exhaust valve. 

The allowable velocity in the air- and gas-inlet pipes and pas¬ 
sages may be taken as from 1800 to 3600 feet per minute, depending 
upon the length of the liiie—the higher figure holding for lines up to 
35 feet in length. 

Volumetric Efficiency. An ideal engine would take into 
the cylinder, during each admission period, a charge equal in 
volume to the piston displacement and w'hich would be at the 
atmospheric pressure and temperature. The ratio of the actual 







GAS AND OIL ENGiftliS 


251 


TABLE XXII 

Influence of (he Height Above See Level on the Volumetric Efflciency 



weight of charge a(imitt('<) to the weight of the i<lcal charge is calk'd 
the volunietrie efficiency. In order to ol>tain as large an amount of 
work JKT stroke as jxissihlc, an<l thus as favorahle a use of the cylinder 
volume as is attainable, the volumetric effick'ncy must be imnie as 
large as possible by diminishing the suction and exhaust resistances 
Htwl tin* suction temperaturt—in other wonis, there must lx* as nearly 
complete cylimler filling as eun Im* ohtainwi. Sina; the absolute 
pressure of the suction .stroke e<|uuls the harcmietric pressure minus 
the suction of the charging stroke, the barometric pressure also 
exerts considerable influence on the volumetric suction efficiency— 
and through that on the mean effective pressure and the indieateil and 
brake horsepowers. 

Injturiirc of AUItu4f- on I'olunirtric Efficiency. The deert'ase in 
volumetric efficiency must be especially n ekoned with in the case of 
plants located at a-very high altitude, in coiise(|ucncc of the dimin¬ 
ished barometric pressure. Because of the altitude the density of 
the charge, the volnmetrie effieieney of the suction stroke, utid finally, 
the power of the engine, is decreased. 

Table XXII shows the effect of the diminished hammetric 
pressure, due to an increase in altitude, ujxm the volumetric suction 
efficiency.* 

Values of Absolute Exhaust Pressure and Temperature. The 
common actual values of the absolute exhaust pressure p, and tem¬ 
perature ( T„ absolute, and t, degrees F.) arc as follows: 

p,-15.4 to 16.4 lb. per stp in., absolute 
r,® 1260* to 1440® F., absolute 
L **600® to 980® F, 
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Too eariy cloaing of the exhaust valve, and very long or too 
amill exhaust pipes, may increase these values conuderabty. 

Common Values of Absolute Suction Pressure p„ and Volu> 
metric Elllclency E,. For Shw-Speed Enginet wiik MeckaiacaHy 
Optnitd Inlet Valm, 

• 

p.-12.5 to 1.3.5 lb. per sq. in., absolute 
-4.5 to 2.5 inches of mercury suction 
£..0.S7ton.90 

For High-Speed Engines wilh Meehanically Operated Inlet Valves, 

p, = 11.4 to 12.1 lb. per sq. in., absolute 

- 6.8 to 5.,3 inches of mercury suction 
£.-0.78 to 0.83 

For Slow-Specd Engines with Automatic Inlet Valves, 

P.-I2.1 to 12.8 lb. per sq. in., absolute 

- 5.3 to 3.9 inches of mercury suction 
£,-0.80 to 0.85 

For High-Speed Engines with Automatic Inlet Valves, 

Pa-ll.l to 11.8 lb. per sq. in., absolute 
-7.4 to 6.0 inches of mercury suction 
£.-0.65 to 0.75 

For Very High-Speed Auto Engines with Automatic Inlet Valves 
and Air Cooling, 

p,-8.5 to 10.7 lb. per sq. in., absolute 
-12.7 to 8.2 inches of mercury suction 
£,- 0.50 to 0.65 

Suction producers and carbureters increase the suction/esistance 
—in unfavorable cases they may decrease the above values of £. by 
from 2 to 5 per cent. 

The temperature T, of the suction stroke equals 630” to 810“ 
absolute; t, equals 170° to 350’F. 

Volume of Material for Foundations. The average volume of 
material in foundations for the various types of engines may be 
talnit as follows; 
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For horizontal mtjinez vnihmd outboard hearings 

14-18 times the normal brake horsepower, in cubic feet 

For horizontal engines with outboard bearings 

21-25 times the norma! brake horsepower, in cubic feet 

For terlical rni;t‘nw nithoui outboard bearings 

77-8.8 times the normal brake horsepower, in cubic feet 

For vertical engines u'iih outboard bearings 

9.8-10.5 limes the normal brake horsefMiwcr, in cubic feet 

Mechanical Efficiencies of Engines. In'l'able XXIII are given 
the average mechanical efticiencic.s found in practice for the various 
types of gas engines. 

Relative Weights of Flywheels. The relative wei^.ts bf fly¬ 
wheels required to give the same dcgrt'c of regularity in speed of 
rotation with the same peripheral speed of tl>c flywheel for different 
numbers and arrangements of cylinders and different fuels, are given 
in Tables XXIV and XXV. 

Weights of Reciprocating Parts. Table XXVI gives the 
proper weights of the reciprocating parts per square inch of piston 
surface for explosion engines and consUnt-pixwsure engines of 
various types. 

TABLE XXIIt 


Average Mechanical Efficiencies of the Various Types of Engines 


Tvra or Eikumb 

Mbcranital 

ErnnoMcr 

4-Cytit 

2.r)rfila 

Small, high-speed auto, multieylinder, single-aeting. 

Bmail, 8iaglfr«yUnd(T boat enmoe, nn^e-acting. 

Small or inediura, sn||o4ylinaer stationary, Mnste-acling 
Smaii or medium, twtKyhader statioDary, amflo-acting .. 
Small or medium, Uu-eo-cvtmder siatiomiry. siDtle-acting 
BmaU or aaedium, four*«ylinder sutionary, singTe-actuig 
Larfe, siaala^yliiKler sutionary, single-acting. 

0.75 

0.g5 

0.87 

0 84 

0 82 

0 80 
0.90 
0.86 

0 84 

0 83 
0.81 
0.77 

0 68 
0-7 

0 70 
to 

0 80 

0 75 

0 73 
0.89 
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TABLE XXV 

Comparifon of Horizontal 4*Cycle Engines Operating on Lean Oases 

(Relative Bjrwheel weights.ebtaisod from luming-^nonifot diagram derived from 
actual indicator cards) (Gtiklncr) 
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TABLE XXVI 

W»i^t of RociprocAting Parts for Various Typos of Englnos 


Kub or £noiw« , 

Wuaar or Raciraocirma 
PARTt rsa Sfl. Im. or Pimx 
SoarAca 

Eiploaioa 

Ec^bw 

CociAtaBl. 

PraMura 

Er^BM 


5 5- 8,5 

8 6—10.6 
12 .5—17 0 
17 5-21..') 

0 35—0.60 

7 0—10.0 
10.0-11.5 
14.0-!8.5 
19.0—23.0 

Doubl^acling Engiiuw: 

Sinide^ylinder, without tail rod. 

Siogloovlinder, with tail ro<l. 

Two^ylinder tandem. 

Three>eylindor tandem (ono of which ia a 

14 0-18,0 
17 0-20 0 
21.0-25.6 

28.5 

18.5—21 5 
23.0—27.0 



Noras:—2 is length of strokoc^ the engine \... . 
d i. dumotar of tho cylinder 

((< 1.5d} is read, stroke lens than 1.5 times the diameter. 

({^ 1.5d) is read, stroke greater than or equal to 1.5 times the diam¬ 
eter. 


Thickness of Cylinder Wails. Table XXVII gives for cylinders 
of various diameters D the required thickness of cylinder walls i to 
resist the maximum ex|)losion pressure, the reboring allowance x, 
and the total required thickness f+r. The required thickness to 
mist the maximum explosion pressure is based on a maximum 
cxplo«on pre^ure of 350 pounds per square inch and an allowable 
tenale stress of 3500 pounds per square inch—which is high, but 
’allowable since the maximum pressure acts only at the inner end of 
the cylinder barrel, which, in single-acting engines, is reinfor^ by a 
flange, and, in double-acting engines, by the flange connecting the 
cylinder barrel and jacket wall, afld by the valve ports. Whm a 
cylinder liner is not used a rebonng allowance x should be added to 
this thickness. Where a liner b used, the rcboring allowance t gives 
its necessary thickness. 

Attendance. In spite of the belief that gas-power plants can be 
operated by cheaper men than steam plants, qjiite the reverse U true 
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TABLE XXVII 

Requlrtd ThlckncM of Cylinder Walts to Resist Maiimum Bi^losion 
Pressure for Cylinders of Different Diameters 



*T« liiow (or tht poMtbiB nhirtingol ounn.olr .il ii MnoMory thoi. (or lUlioMry 
Chv UitekbOM (or onr-pioco ryltiMlrm up to olxHit S inrhra is disoirtrr tboulil bo si (osM || !■.« 
sod for sepvsM cyUador bsrreli si iesst H i**- 


if they are to be operated at a maximum of economy and with a 
minimum of trouble. 

Gttldner gives the following equations (based on practical 
experience) for the amount of uttendaix’e necessary in internal* 
combustion engine plants; 

Fur illuminating, iiuturul, coke<oven, and blast-funiace gas* and 
(or oil*engine plants: 

lF-0.25 VnXb.h.p. hours 

For producer*gBs plants: 

ir= 1.2r) VnXb.h.p. hours 

in which W is the time of attendance recinircd in hours per day of 
ten hours, h.h.p. is the rated total cn]>aeity of tlte plant, and n U the 
number of units in the plant. , 

PERFORMANCE DATA 

Fuel Consumption. Ruled Load. The consumption of fuel in a 
gas engine running at its rated load, when natural gas is used, b 
from 10 to 15 cubic feet per b.h.p. per hour; with illuminating gas, 
14 to 18 cubic feet per b.h.p. per hour; with producer gas, 75 to 110 
cuIhc feel per b.h.p. per hour; with blast-furnace gas, 100 to 135 
cubic feet per b.h.p. per hour~-depending upon the size of the engine. 
These are average limiting results, large engines showing a higher 
economy than smaller engines. 

The consumption of gasoline in an enpne of small size averages 
about 0.1 gallon per b.h.p. per hour. In the Diesel motor, the average 
orasuDptkm of crude ml per b.h.p. per hour is (^nuderably less than 
0.1 gallM, the average b^ about 0.06 gallon. 
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TABLE XXVIII 

lUlattve (ncmute of Fuel Consumption per Brake Hwaepower per 
Hour at Partial Umda 



Fuix 

Loao 

1 Load 

1 Load 

1 lOAD 


1.00 

1,05—1.20 

1,20-1.50 

1.75-2.00 


1 00 

i.av—1,20 

1.20-1 50 

1.75—2.00 


1.00 

1.15—1,25 

1.45—1.60 

2.30—2.70 

(i’^ngino"and producer) 

1.00 

1 04—l.OC 

1.10—1.15 

l.3(L-l.40 


1 00 

1.05—1,20 

1,20—1.50 

1.75—2.00 




1.45—1.70 

1 90—2 30 

Dicsrl oil engine. 

1.00 

1 02-1 15 

1 07-1 2.5 

1.40—1.90 


Usa Than Normal Load. The fuel cnnsum]>tion i)er horsepower 
hour increases j>erceptibiy with a decrease of load Ih*1ow the normal^ 
as is shown in Tabic XXVIII. 

No-Load Consumption. In explosion engines the total RO>loBd 
consumption goes as high as 30 to 45 per cent of the total consump> 
tion at normal load*—in constant>pressurc combustion engines this 
figure is only 20 to 25 per cent. In producer<gas plants the coal 
coi^umption increases filter at partial loads because of the loss of 
efficiency of the producer as well as of the heat consumption of the 
engine itself. 

Fuel-Consumption Tests for Commercial Engines. Table 
XXIX gives a immber of eommcnial test results for various engines, 
allowing fuel consumption and mechanical efficiency. 

Heat Losses at Various Speeds and Compressions. From 
Table XXX it is seen that the efficiency of an internal-combustion 


TABLE XXX 

Heat Loises at Various Speeds and with Various Compression Ratios 
(Meyer’s Tests) 


Vota* 

nwtria 

Cumpm- 

Om 

lUtio 

B.P,M. 

Mran 
nSM-liVB 
PwBIWITf 
Lb. per 
ilq. In. 

i 

Hnt 

Vnloe 

wf 

Ch«rt« 

B.I.U. 

Work 

Done 

by 

1 B t u. 
Ft -Lb. 

CxkuiM 

Tern- 

Huat Diatwhution 
P sn Cent 


Work 

Jneket 

RtlunMt 

a «7 

BBI 

M a 

7,n 

IS 5 

140 


18 0 

SI a 

SO 8 

a «7 

Kl» 

5t S 

7 35 

17 4 

Ut 

1137 

14 1 

45 6 

34 3 

4.>a 


to 3 

7 43 

17 0 

190 

44? 

34 4 

S3 8 

ai 4 

4 33 


«5 a 

7 40 

14 S 

144 

m 

33 7 

49 5 

38.8 
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ibuttten Engines—1 Mt Bcsull* (Abbr«*i«ktona mib Table XXXI) 
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engine incmues with an increase in the compression. It is further 
seen that an increase in the speed of rotation has no effect upon the 
total amount of heat lost to the jacket and in the exhaust, but only 
transfers part of the jacket loss to the exhaust; this being due to 
the fact that there is less time for the absorption of heat by the 
jacket. * 

An increase in the ratio of compression from 2.67 to 4.32 increases 
the heat loss to the jacket about three per cent, due to the higher 
temperatures obtaining in the cylinder resulting from the increased 
compression pressure with its corres()onding increased explosion 
pressure, and decreases the heat loss to the exhaust about nine per 
cent, the net change in the two los.ses l>eing the increa.se in the effi¬ 
ciency of the cycle. 

Heat Balances of Four-Cycle Engines. Table XXXI shows 
the heat balances for 4-cycle gas and oil engines of various types 
with different fuels. 

QAS-ENQINE OPERATION 

Qeneral Classification of Troubles. For the successful opera¬ 
tion of a gas engine, intelligent care and accurate adjustment are 
necessary, as well as an understanding of the processes going on in 
the cylinder. It sometimes happens that the engine fails to start, 
although the ordinary starting operations have been carried out 
faithfully. The most common causes of this difficulty arc incorrect 
strength of mixture, failure of ignition, or leakage of the charge. 
The Ktting of the gas mlve which gives a satisfactory mbeture one 
day, may give a non.«xplosive mixture on the foilbwing day as a 
result of changes in the pressure or composition of the gas or other 
cause. The strength of the mature should be varied in case of failure 
to start. If this is ineffective, the ignition should be tried. The 
batteries may have run down as a result of much use or of short- 
circuiting, and should be tested by shortH;ircuiting momentarily, 
when they should give a bright spark. Too strong a current is 
undesirable, as it burns the contact points rapidly. It is well to 
have on hand a spare set of ceils for putting in circuit. There should 
always be a switch in the battery circuit, which should be thrown 
out when the engine is shut down, so as to prevent short-circuiting. 
If the battery is in good condition, the trouble may be with the 
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electrodes, through their having become fouled or wet; or, in the 
make-and-break system, through a gumming of the spindle of the 
moving electrode, which makes it sticky and slow in action. The 
igniter plug should be withdrawn, and the electrodes examined. 
The whole igniter circuit should be examined for short circuits. 

If the trouble is not with the igniter, it may be caused by leakage 
of the charge. To test this, the engine, if not too large, is pulled 
over by hand. The resistance to turning, on the compres.sion stroke, 
should be very considerable. If the resistance is not great enough, 
the compressed charge is escaping. The leakage may be cither 
past the piston, the igniter plug, or the valves. If the leakage is 
past the piston, it is due either to the wearing of the cylinder or to 
the sticking of the piston rings. The latter is likely to occur after 
a while, especially if the cylinder has been permitted to get very hot; 
it can be Kmedicd by taking the piston out and loosening and 
cleaning tlie rings with kerosene. A leakage past the valves is due 
either to gumming of the valves or to other deposit which keeps the 
valve olf its seat, to wearing of the valve, or to sticking of the valve- 
stem in its guide as a result of imperfect lubrication. The gumming 
and wear of the exhaust valve are the most common cau-ses of leak¬ 
age, and may be remedied by grinding the valve on its seat with 
£our of emery and oil. 

The presence of water in the cylinder, which has leaked in from 
the jacket through imperfect joints, sometimes causes the electrodes 
to become wet, and prevents the engine starting. In some engines 
the possibility of this particular trouble is avoided by a special 
design of the jacket in which there are no joints communicating with 
the inside of the cylinder. 

Method of Locating Seal of Trouble by Use of Schedule. As 
the number of things which may occur in a gas engine to prevent 
its proper action is considerable, it is best to proceed .systematically 
in hunting W the trouble when it arises. The moat advantageous 
procedure to follow in any case, depends on the type of engine. 
An example is given in the schedule (Table XXXII and following) for 
a gasoline engine with jump-spark ignition, such as an ordinary 
automobile engine. If the motor refuses to operate, the £rst thing 
to do is to look to the gasoline supply. If that is all right, look 
to the ignition. By unscrewing the spark plugs, laying them on 
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the cylinders, and cranking the engine, it can be seen if t}» spark> 
ing is satisfactory. If it is satisfactory, try the compression. If 
that also is satisfactory, examine the carbureter; then see that the 
exhaust or inlet valves are operating properly. The method of 
following up the trouble, eliminating from consideration those things 
that are all right, is given in*detail in the schedule. The right-hand 
column gives the actual causes of the observed troubles. 

If make-and-break ignition is used, the procedure in investi¬ 
gating a failure of the ignition wilt naturally l)e dilTerent; it will also 
be much simpler. 

It happens not infrequently that a gas engine will make a few 
revolutions, and will then stop. Some of the causes for this are also 
indicated in the schedule. 

Investigating Quality of Mixture. If the motor runs fairly well 
and if the compression is all right, the spark plugs clean and properly 
set. magneto or batteries In good order, gasoline supply clean and 
other conditions suti.sfactury, the quality of the mixture can be 
determined in the following way with an automobile engine: 

(1) Motor speeds Up when air valve is pushed opes 
slightly—turn 1ow-spee«t nut down 

(2) Regular missing after pulling slowly on level, motor 
does uot Di»-up immediately if clutch ia diS' 
engaged while running—mixture very rich in this 
case 

(2) After ascending long hill motor does not pick-up 
if clutch is disengaged 

(4) Motor will not pop back in carbureter on suddenly 
opening throttle 

(5) Motor pickihup well on opening throttle In just 
starting out 

(1) Motor hard to atari 

(2) Motor speeds up on closing auxiliary lur valve-* 
turn lower or low-speed Mjusting nut, up a few 
notches 

(3) Upon opening throttle, car heaitates before picku^r* 
upsp^ 

(4) Tendency to pop back in carbureter when throttle 

is opened suddenly • 

Warm weather has the effect of not enough air. Cold weather 
has the effect of too much air. 

Cylinder OIL The cylinder oil that is commonly used in steam 
engines cannot be used in gas engines, as it carbonises at the high 
temperature of the explosion, and forms a deposit in the cylinder 
and on the exhaust valve. A special oibis used; and even thi^ if 


Not enough air or too 
much gasoline... 


Too much air or notj 
enough gasoline.. 
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suppKed in excess, causes a gradual accumulation of hard deposit in 
the cylinder, which must be cleaned out occasionally. Apart from 
its interference with the action of the igniter and exhaust valve, 
this deposit is liable to cause premature ignition by being raised to 
incandescence. 

St(^)page of Jacket Water. Cold ^atcr must be kept circulat¬ 
ing through the jackets whenever the engine is running, being started 
as soon as the cylinder warms up. A stoppage of this flow, even 
for a comparatively short time, is likely to have a disastrous effect 
upon the cylinder. A gra<lual accumulation of sediment may occur 
in the water jacket, with a consequent reduction in its efficiency. 
On shutting down, it is always better to drain the jacket, which not 
only prevents the possibility of it.s frei'zing up in winter, but also 
tends to clear it of .sediment. In general practice, however, the 
jackets are drained only in cold weather. 

Back-Firing. In the running of a gas engine—especially under 
light loads—very loud and alarming explosions are sometimes heard 
in the admission pi{)e or in the exhaust pipe. The back-hring in 
the admission pipe sometimes results from a leaky adnilssion valve, 
at other times it is caused by something in the cylinder, such as a 
gas pocket, hring the entering charge before the inlet valve has a 
chance to close; the latter i.s the more frequent cause of the two. 
The explosions in the exhaact, indicating as they do the presence <if 
explosive gases in the exhaust pipe, are caused either by the use of a 
mixture which is too weak or too rich, or by faulty ignition. If the 
mixture is too weak, the charge taken in just after an explosion may 
faU to ignite, because it is mixed with the products of the previous 
explosion, while the next charge taken in may explode because it 
does not mix with burned gas but with the weak charge in the clear¬ 
ance. The hot exhaust gases ignite the weak mixture which was 
rejected usbumed to the exhaust at the previous cycle. If the 
ignition is imperfect, a good mixture may fail to explode and be 
exhausted, and may then be igni^ in the exhaust pipe by the next 
exhaust of hot gases. 

Adfustment of Point of Ignition. The proper timing of the 
ignltioo depends upon a variety of conditions of operation and con¬ 
struction of an en^ne. In the following paragraphs the various 
causes leading to the necessity for changing the relative point of 
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ignition are given, ami the direction and amount of change necessary 
are indicated. 

Adjustvimt for Change of Speed. In a high-tension system for 
a variable speed motor in which the alternations are produced by 
a trembler interrupter, the timer must be moved so as to interrupt 
the primary current earlier ih the stroke when the speed of rotation 
is high than when it is low. This is due to the fact that there is a 
certain amount of lag in the ignition apparatus between the instant 
of first closing of the primary circuit by the trembler and the jump¬ 
ing of a spark between ignition points of the igniter. The time 
interval of this lag is constant whatever the speed of the motor, but 
the amount of movement of the crankshaft of the motor during the 
periwi of this lag is greater when the motor is running fast than 
when it is running slowly—at UKK) revolutions per minute, the 
crankshaft will move twic'c as far between the instant of first closing 
of the primary circuit and the jumping of the spark us it will when 
rotating at 500 revolutions per minute—and thus, to allow for this 
lag, the timer must be advanced as the engine speed increases, the 
amount of advance being proportional to the speed. In ignition 
systems whose interrupter is mechanically operated, as with mag¬ 
netos, the lug is practically nil. 

Adj^tstment for Rick and Lean Mixture. If a*stationary engine 
operating on producer gas has its ignition properly timed for the 
mixture which has the highest rate of combustion while the producer 
is delivering rich gas, and the gas then becomes lean, the combustible 
mixture going to the engine will then become lean if the setting of 
the proportioning valves remains unchanged, and, therefore, the 
ignition will have to be advanced to secure the most efficient results 
for the kind of mixture then received. In the same manner, if the 
ignirioQ is properly timed for the mixture which has the highest 
rate of combustion when the producer is delivering lean gas, the 
ignition will have to be advanced if the gas becomes very much 
ridier and the setting of the proportioning valves Is not changed. 

Adjiutmeni for Change of Comprmwn. When an engine is 
throttle-governed the compresrion is varied by the governor acrion 
as. the load varies. If such an engine is operating at full load with 
its ignition properly timed and the load falls off, the ignition must 
he advanced on account of the reduced cerapresrion and consequent 



GAS AND OIL ENGINES 267 

slower rate of combustion. When the load comes on again, the 
ignition must be retanled to its initial ]H)sition. 

Variation of Duration of Ignition with Change of SpeeJ. Since 
the explosive mixture re(piir('s an upitrccmlilc amount of lime fur 
combustion, it must Ik* ignited earlier in the stroke when the engine 
is running at high sikhI tluin at low jjH'ed, in order to obtain the 
maximum amount of power from the fuel consumed. The extent 
of the variation of tlK* duration of ignition with variation of s|H‘e<i 
depends on the kind of ignition system emjdoyeci and the loeation 
of the igniter, or igniters. A system wlneh gives u sjjark of con¬ 
stant strength regardless of the spnd of rotation of the engine must 
have the time of ignition varied more with variation of spe«l than 
is the ease with a system whieh gives a strongfT, or hotter, .s])ark as 
the sjKtsl of the engine increases. If tl^e igniter is located away 
from tljc IxmIv of the mixture in the <*omhustlon chamlicr-in the 
IMK'ket over the volvc, or In'tween the valves (d M)tne tyja's of engines 
—then ihf ignition must be more ndvamed than when the igniter is 
located near the center of the charge volume. 

Most ignition systems <»perating on haltery current give a 
sj)ark whose strength is the same whatever llie sjx’cd of the engine. 
On the other hand, most magneto-ignition systems using current 
direct from the magneto give a stnjnger spark as the spped of the 
motor, and consequently that of the magneto, iiKreases. licss 
advance of the spark is therefore required in the magneto system 
in order to allow for the variation of intensity of the spark, an 
additional a<lvance being necessary to allow fur the lag If a trem¬ 
bler is used. 

Less variation of the time of ignition is necessary If two or more 
igniters are used, located sr»me distance apart in each combustion 
chamber. Aridc from the greater certainty of ignition, the use of 
two igniters decreases the time required for cr)mlmstiun, since each 
of the propagating flames emanating from the points of ignition has 
less distance to travel than when ignition is at one point only. 

Care and Adjustment of Ignition Systems. The ignition appa¬ 
ratus should always be kept clean and the insulation should be kepi 
as free ffom oil as possible (especially in high-tension ignition),as ml 
destroys the insulating property of rubber. 

Spark Plugi for Jump-Spark System. The spark plug for a 
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jump^park system may be cleaned by the use of a stiff bristle brush 
and gasoline to remove the carbon deposits. The insulation of the 
plug should not be scraped with any hard tool, as the roughened 
surface resulting will afford easier lodgment for carbon deposits 
than a smooth surface. If a bead of metal has formed at the spariE 
gap, or if the points and edgett have becx>me rough and irregular or 
burnt and pitted, they should be 61ed off square across the length of 
the wire, thus leaving sharp edges, from which a spark will jump 
more readHy than from a smoothly rounded point. If, after filing 
the points, the spark gap is too gn^at, or if the points are found in 
good condition but the gap is too great, the wire which forms one 
ride of the gap should be bent enough to decrease the gap to- the 
proper amount. In some plugs tlie insulated spindle or other part 
of the plug—depending on the design—must be adjusted to accom¬ 
plish this. The width of the spark gap in a battery-ignition system 
should oidinarily be about ^ of an inch, but a wider gap is someUmes 
used. Magneto makers generally recommend a spark-gap width, 
for magneto ignition, of from ^ to of an inch for plugs and mag¬ 
netos of the size ordinarily u^ on automobiles. In magneto-ignition 
Bj^tems for larger engines and those in which the spark plug and 
magneto are larger than on automobile engines, the spark gap is 
wider—about ^ of an inch being suitable. 

Igniter Plugs in Make-and-Break System. In makc-and-break 
igniter plugs, the contact points, or contact surfaces if no contact 
pins are used, become pitted and uneven with use and should be 
dressed with a smooth-cut file so as to make good contact with each 
other. Care should also be taken to see that the points separate 
at least ig of an inch when tripped, otherwise the spark will continue 
to arc across the gap after the break, igniting the incoming charge 
during the next suctiofi stroke, causing a back fire, as well as rapidly 
pitting and destroying the contact surfaces. A much wider sepa¬ 
ration than this is customary in make-and-break igniters, espedafiy 
in large plugs. Sometimes perristent back fires can be traced to 
the fact that the current arcs across from the movable electrode to 
the cylinder wall after the igniter is tripped, due to the fact that the 
movable electrode comes too close to the wall. Lamps should be 
used in the dreuit of each igniter to regulate the current flow and 
prevent the contact surfaces from pitting to9 r^ndly from an excess 
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of current; one ampere has been found sufficient to give satisfactory 
ignition under all conditions. 

Trmblert. Tremblers diould be so adjusted as to use the 
minimum battery current that will give a satisfactory spark. Ordi¬ 
narily, more current flows when the rate of vibration is high than 
when it is low The rate of vibration of the tremblers should be set 
somewhere near midway between the highest and lowest rates that 
will give ignition. If there is more than one trembler and coil, the 
tremblers should all be adjusted as nearly as possible to the same 
pitch. For the more usual sizes of coils, from one-half to one and one- 
half amperes is required for operating a four-cylinder high-speed 
motor. 

Contact Timer. A sliding contact timer should have the rubbing 
surfaces well lubricated by means of either an oil bath or by packing 
the timer with soft grease. With a roller-contact timer it is gener¬ 
ally better to use oil than grease, as grease is apt to prevent good 
electrical contact between the roller and the stationary contact 
piece; if grease is used, it should be very thin. A pressure-contact 
timer (in which the contact is made in the same way as in a trembler) 
is not intended to be submerged in oil and should not have any oil 
on the contact points, as it may prevent effective closing of the 
circuit when the contact points are covered with it. A seft bristle 
brush and kerosene should be used to clean the timer whenever 
dirt has collected in it to any appreciable extent and, after the 
deaning, oil should be applied to the rubbing surfaces. 

Setting the Timer. Remove the spark plug from the cylinder, 
leaving the wire connected, and ground the outer bushing. Rotate 
the crankshaft until the piston in the cylinder, from which the spark 
plug has been removed, is on dead center at the top of the comprea- 
non stroke. Set the spark control at the position corresponding to 
ignition atglead center when the engine is rotating slowly—for high¬ 
speed motors not more than one-fif^ of the entire movement of the 
spark control in advance of maximum retard. Uncouple the timer 
rotor shaft from its drive and rotate slowly in the direction in which 
It rotates whffe operating, until a spark jumps across the gap in the 
tfoA plug, which has been removed from the cylinder. Recouple 
the lima rotor duft to its drive in this exact position. Thegeneral 
metbod here set forth applies equally well to mske-and-break 
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ignition, only instead of removing the igniter plug the instant of 
firing can be determined from the snap of the tripping device. 

Carbureter Adjustments. Close the gasoline needle valve and 
then open a few turns. Start the motor and allow it to run until it 
becomes heated to normal running tempemture. If the carbureter 
has only one adjustment—'the gasoline needle vaIve-~open or close 
the needle valve until the motor fires regularly on all cylinders and 
runs at maximum speed for that throttle opening. A carbureter of 
this type is generally designed to give approximately equally good 
results throughout the range of speed and therefore tlie speed chosen 
for adjustment is not important. In a carbureter wth an auxiliary 
air valve with higli- and low-speed springs the upi)er or low-speed 
adjusting nut on the auxiliary air valve should be adjusted until the 
valve scats lightly before the motor is started, ami at the .same time 
the high-speed spring should have about of an inch play. After 
starting and heating up the motor the low-speed adjusting nut 
should be turned until the motor runs properly with the throttle 
closed. Then advance the spark and open the throttle and, if the motor 
back-fires, turn the lower or high-speed adjusting nut up or down 
until the^ack-firing ceases. The high-speed spring should always 
have at least of an inch play while the motor is running idle. 
This type» of carbureter has no needle valve and a fixed gasoline 
nozzle, and if too much or too little gasoline is supplied the nozzle 
must be removed and one of a different size substituted. 

If the auxiliary air valve has only one adjustment, the high 
speed, the low speed adjustment is obtained by adjusting the gasoline 
needle valve, and the high speed, by varying the tension on the 
auxiliary air-valve spring. 

If the carbureter is fitted with an intermediate- and high-speed 
needle-valve adjustment, the method is to get the low-speed adjust¬ 
ment by means of the needle valve and the auxiliary ^ir valve. 
Advance the spark and open the throttle until the ne^le-valve 
roller is on the track directly below the first or intermediate speed 
dial. Adjust the screw on this dial until the motor runs properly. 
Open the throttle wide and make the high-speed adjustment in the 
same way on the second dial. 

When a second or auxiliary nozrie is used it comes into action 
only as the motor approaches high speed, and should therefore be 
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w ftujuavvu before starting that it cannot come into actkm at low 
speed. The Iow>spced adjustment is made as in one of the previous 
cases, depending upon the design. The high-speed atljustment U 
made by adjusting the opening of the auxiliary nozzle until tlie motor 
runs properly. 

Fitting Piston Rings. Piston ring?, when placed in the slot in 
the piston, should be of such a width tliat they rotate freely in the 
slot. In fitting snap piston rings, a clearance, a, Fig. 177, must be 
filed out of the slot, when both the cylinder walls and the ring are 
cold, sufficient in amount to allow for the expansion ilue to heat. 
This cold clearance must be such that when the engine is heated up 
to working temperature there will still be a slight clearance and the 
ends of the ring will not butt. If this hapiams, the wear on the 
cylinder walls or the rings, or both, will be very rapid. The follow¬ 
ing formulas are obtained from estimates, based upon practical 
experience, of the temperatures obtaining in the various parts of an 
engine. 

The clearance to be filed in the slots of piston rings for singU^ 
acting uncooled trunk yistom may be taken as 

o«0.0060d to 0.0075dm. (6) 

where d is the diameter of the cylinder in inches, a being the clearance 
space in the ring. • 

In the case of an uncooled trunk piston the 6rst or innermost 
ring (nearest the explosion) is seriously heatwl, but, nevertheless, is 
not as hot as the uncooled piston body, sint'c the ring is in contact 
with the water-jacketed cylinder wall. The temperature of the 
pbton rings decreases very rapidly towards the outer end—at the 
last ring the difference between the mean temperatures of the ring 
and of the cylinder barrel will scarcely 
amount to more than 90® to 110“ F. 
Nevertheless, all the rings of a set or of 
a size should be given the same clearance 
in order to make them interchangeable. 

For large double^cting water-cooled pistons the temperature 
difference supposedly approaches 0 degrees. Therefore a much 
smaller clearance a suffices—from 0.040 to 0.200 inches,depending 
Upon the diameter of the cylinder. 
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PART II • 

GAS-PRODUCERS 


INTRODUCTION 

Producer Qas and Us Competitoi^. Producer gas is the gas 
resulting from the gasification of solid fuel where the heat required 
in the process is obtained by a partial combustion of the fuel itself; it 
is the most extensively used artificial fuel gas. 

Natural gas is restricted to such a limited territory that its exten¬ 
sive use is out of the question. Iletort gas requires a definite quality 
of coal, and a large, complicated plant, and makes a residue which 
must be disposed of. Coke-oven gas can l>e made only in a large, 
complicated plant, and requires the attention of a skilled chemist, 
and also a ready market for the coke. The water-gas process is 
intermittent, complicated, and not very efficient. The carbureted 
water-gas process, in addition to having the disadvantages of the 
straight water-gas process, requires oil for the carbureting and, more¬ 
over, the earbui^ting adds only illuminants which, in proportion to 
their density, add little to the heat value of tiie gas. Oil gas is 
restricted to a very limited territory, siiux* it can l)e used commer¬ 
cially only where the cost of oil is very low. The use of hliCst-fumace 
gas is limited, as it can be obtained only at large iron works. 

There has been a great demand for a gaseous fuel within the 
last few years, and this has given the producer-gas industry a sudden, 
growth. This demand, and the re-sulting growth, are due not only 
to the advent of the gas engine, but also to the appreciation of the 
value of gaseous fuel for ceramic an<l metallurgical operations and 
the constant diminution of the natural-gas supply. High and easily 
controlled working temperatures, perfect combustion and high fuel 
economy lire most readily obtainable by the u.se of a gaseous fuel 
’—just the conditions required hy many ceramic and metallurgical 
processes for successful operation. Many industries, which in the 
pa.st have used natural gas for fuel, have started to use producer gas, 
as the cost of the natural gas has increased. 
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History of Producer Qas. About 1834, Faber du Faur, a 
German engineer, began using blast-furnace gas for heating furnaces. 
This gave such good r<!sults that the demand for the gas was greater 
than the supply furnished by the furnaces. From this he reasoned 
that it would be desirable to build a low type of blast furnace, 

omitting the charge of iron 
and using the furnace only 
for the production of gas to 
supply the increased demand. 
Circumstances prevented 
Faber du Faur carrying this 
idea into practice; but he 
announced it at that time, 
and sAA’eral contemporary 
engineers l)egan working on 
the problem. 

First Gas-Producer. The 
first gas-producer was prob- 
alily built by Bischof in 183ft. 
It is shown in Fig. 1, and 
resembles a .small blast fur- 
nacre. A is the ash pit under 
grate li; C and D arc clean¬ 
ing doors, the former being 
made with openings to admit 
the air; L is the body of the 
producer; F and G are doors 
for charging the producer 
with fuel; // is the gas exit; 
/ shows a peep-hole for exam¬ 
ining the condition ot the fire. 

Later Developments. Ekman in Sweden, Wedding in Germany, 
Ebelmen in France, and Siemens in England, were also working on 
the problem between 1840 and 1860; and they all built certain types 
of producers. Ebelmen anticipated several present-day types of 
producers. 

Simons, Dowson, and Benier. The first producer to be used to 
any extent was the Siemens, which was introduced in England 
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about I8C0. This forms the commercial starting point of the pro¬ 
ducer-gas industry. Dowsoii, in 1878, was the first to use producer 
gas for power purposesi The suction gas-producer was introduced 
in France, on a commercial scale by Benier, in 1895. 

MANUFACTURE OF PRODUCER GAS 

CHEMICAL AND MECHANICAL PROCESS 

Firing to produce gas requires that the fuel bed be thick and 
wmpaci enougli to permit only a partial combustion of the fuel, so 
that a stream of combustible gas will be given off at the surface of 
the fuel. Direct firing requires that tlie fuel bed shall be sufficiently 
thin and pormts to permit enough oxygen to get through the inter¬ 
stices in the fuel bed to produce vigorous combustion at the surface 
of the fuel. 

Chemical Constituents of Producer Qas. Simph Form. The 
simplest form of producer gas consists of a mixture of nitroj^n and 
carbon monoxide. That is, when a bed of charcoal or coke is blown 
with a dry air blast, the fuel bed will soon l>c at a white heat, when 
the following reaction will take plat'd 

Cf((HA') = CO+JV (1) 

air 

In this formula the symbols represent the chemical elements 
entering into the reaction but do not show their relative amounts. 

In case carbon dioxide is fonned, it should be immediately 
converted into the monoxide, by an excess of incandescent carbon. 
Thus 

C0,+C*2Ca (2) 

The heat required for gasification is that w'hich is evolved in 
burning the carbon to carbon monoxide. The heat available in the 
gas is that which will be evolved when the carbon monoxide is burned 
to carbon dioxide. The heat loss by this method is very high, as is 
shown by the following example: 

1 Ib. C burned to COi evolves 14,500 B.t.u.“heat in fuel 

1 lb. C burned to CO evolves 4,450 B.t.u. - heat lost 

10,050 B.t.u.-> available heat in 

gas (about 70 per cent). 

Fjfect of Use of Steam. On account of the high heat loss, Uic 
use of simple producer gas b now obsolete. The use of steam not 
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TABLE I 

Typloil Produccr-Qu Analysis 


Combustible 


Condensible 


Diluents 


CoNMiretm* 

Hydrogen. 

Marsh gas.?. 

Olefiant gas... 

CaHwn monoxide. 

f Tar,...-. 

\ Water vapor. 

( Carbon dioxide. 

Oxygen. 

Nitrogen. 


only reduces this loss, but also increases the heating value of the 
gas, and eliminates some of the difficulties of producer operation. 
Thus a small amount of water gas is made along with the producer 
gas. In some producers, the fuel undergoes a partial destructive 
distillation before going on to the fuel bed proper. Hence, modem 
producer gas is nearly always made in three processes, the best 
features of the retort, water-gas, and producer-gas processes being 
combined into one simple, continuous, and efficient process. This 
combination of the best elements of other systems is the secret of 
the extensive present-day use of producer gas. 

Composition of a Representative Producer Goa. Producer gas is 
a mixture. Table I shows the composition of a representative 
sample of producer gas. 

Tlw proportion of each constituent present will depend upon the 
nature of the raw fuel, the type of producer, and the method of 
operation. Water vapor and tar, although generally present, are not 
usually determined and given in the analysis, since ix>th.will nearly 
always condense within a short distance from the producer. Tar in 
producer gas comes directly from the fuel; it will condense quite 
ea^y and will then be preci|ntated in the pipes. 

A fixed or permanent gas is one which has no condensible con¬ 
stituents when the gas is cpoled. Producer gas should be composed 
of fixed gases only, since the gas will always be cooled after Ittviog 
the producer and, if it contains any condensible constituents, these 
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will be deposited in the pipes; this will cause a heat loss and will also 
give trouble from the clogging of the pip<*s. 

Typical fVoduccr. A typical ])ro(luccr is shown in Fig. 2. It 
consists e.ssentiully of a steel jacket A; fire-brick lining Ji; sup|)ort T; 
grate K; tiiy<^re which is now frequently oinittetl in suc tion pro¬ 
ducers; air blast II; charging hopi)erJ; {wkc-holc K: and retort or 
fuel reservoir L. In American typos, L was usually omitted; but it 



Fi«. 2. Scclion of Typiol (»*»*PrtMlucer. ShuwiuK lh« Diffcrenl Zoom 


ia used ^itc extensively in European types and is now coming into 
use in the best types ''f American producers. Frequently, the grate 
is omitted and the fuel rests directly on the ash-pan bottom. 

Steam Blowers. The steam and air should be introduced 
together so as to secure a thorough admixture. In a large number 
of producers, the air is forced into the prcxlucer by a steam blower, 
which U simply an air injector. Since a small quantity of steam 
must carry in a lai^ quantity of air, the area of the surface of con- 









(fAS-PR0DTJCER8 


tact between the two should be as large as possible, for the quan* 
tity of air delivered per minute by a steam jet depends upon the 
surface of contact betweeh the air and the steam, irrespective of the 
steam pressure, up to the limit of exhaustion or compression that 
the steam jet is capable of producing. Two general types of 
steam blowers are shown in figs. 3 and 4. The former has a very 
small area of surface contact between the air and steam and, as a 

result, this formof blower 
is very inefficient. The 
type shown in Fig. 4 
will deliver several times 
as much air with a given 
quantity of steam as the 
blower shown in Fig. 3. 

Chemical Action in a Qas-Producer. The chemical action in a 
gas>proilucer will be uiuU*rst(KMl more readily by considering each 
successive step. Fig. 2 shows the fuel bod divided into four zones. 
In practice, the line of demarcation between the different zones is 
not always distinct, and they sometimes overlap one another. 



Vic. 4. Approved Type of Steun Btover 


Zone. No ?eiictions take place in the ash zone, but it 
serves to protect the grate from the intense heat of the upper zones, 
and also pre-heats the air blast in an up-draft producer. ' 

Combwtion Zone, The combustion zone receives its name from 
the fact that the heat required for gasification is generated there by 
the combustion of the carbon, which burns to carbon dioxide. Thus 
C+O.-CO, (3) 

The intense heat generated there keeps the superimposed zone at its 
proper working temperature. 
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Decm^ition Zone. The decomposition zone receives its name 
from the fact that the steam from the blast, and the carbon dioxide 
from the combustion zone, are there decomposed. Thus 

tW (4) 

(2+16) + l2 = 2 +(12+10) molecular weights 

(]+8)+6“l +(6+ 8) pro|K>rtion of molecular weights 
C(h+C^2CO (5) 

The zone must contain an excess of incandescent carbon, and must 
be kept above 1800 degrees Fahrenheit, in onler that these reactions 
may take place. Since the decomposition of the steam will absorb 
a large quantity of heat, it is evident that only a limited amount may 
be used, if the o{)eration of the producer is to be continuous. By 
Equation (4) with (> lb. of carlxm burned to carlx)!! monoxide, evulv* 
ing 0x44r)0*2ti,700 U.t.u., 1 Ih. of hydrogen will be separated from 
8 lb. of oxygen, the two being in the form of 9 lb. of steam, and this 
will absorb exactly the same amount of heat that would l)e given 
olf in the combustion of 1 Ih. of hydrogen “-namely, C2,1(X) B.t.U. 
The heat absorbed by the reaction will equal 02,100 —20,TOO* 
35,400 B.t.U. for every 9 Ih. of steam det'bmposeil, or .3933 B.t.u. 
for every pound of steam. 

DUiitlaiion Zone. The distillation zone is so tiam«d because 
the heat from the lower zones effects a partial distillation of the 
fresh fuel in that zone. The a<l<lition of a <‘harge of fresh fuel will 
always lower the tem)>erature, and this will change the composition 
of the resulting gas. High temperatures in this zone are c^unducive 
to the formation of fixed gases, while low tcmt>eraturcs will be sure 
to produce a large yield of tar. 

Working of Gas-Producer. The temperature of the gas as it 
leaves the producer should be kept low, or else the sensible heat lu.ss 
due to the cooling of the gas Wtween the producer and the place of 
use will be high. 

The producer idiould be so arranged that the sensible heat of 
the gas may be utilized for pre-heating either the fuel or the air. 
The pipes iof hot gas must be larger than those for cold gas, because 
of the larger volume per unit weight of gas at higher tempera- 
tureSb Gas at 660 degrees F. has twice the volume of gas at 100 
degrees F. The valves and dampers f<tf handling hot gas must 
water^ipoled to prevent warping. Further, for gas-engine work 



8 


tSAS-PRODTICEBS 


TABLE It 

Effect! of Temperature on Action of Steam 


TBHrKIIATURB F. 

■■ 


Gab Akaltbis 


CO, 

CO 

K 

1245 

K.R 

29.8 

4.9 

65.2 

1750 

70,2 

G.8 

39.3 

53.3 

2057 

99.4 

.0 

48.5 

50.9 


TIih tubic hIu>ws (I)(‘ of k4'<-)>mg tlic tniiporaturo of tho cuntbiiR* 

tion and do('otii{Hmilion tu-ur 2()(M) doKroon Fahronhcil, if tKitinfaciory 

an; (o Ih; ubtainiNl. 


tlie seiisihlf heat *:« of no value, and the gas should be cooled when it 
goes into the engine oylimler, in order to increase the charge weight. 

Pre-heatt'tl air will not only reduce the heat losses, but will also 
induce Ix'tter gasifying conditions. The waste heat in the gas- 
engine exhaust may l)e used for pre-heating the air when a producer 
furnishes the gas for the engine. By sucb an arrangement the 
efficiency of tlie producer can be increased ten per cent. 

Satisfactory oi)cration of tlie producer can be secured only 
when the^diffe wnt zones arc kept at their proper temperatures. 
Temperatures which are too low result in the formation of small 
amounts of carbon monoxide, and large amounts of carljon dioxide 
and water vapor, causing a heavy heat loss, since the last two are 
not only diluents, but also represent a certain heat loss in the pro¬ 
ducer. An cxc-ess of steam causes a reduction of temperature. 
The effect of different zone temperatures on the composition of the 
gas is shown in Table 11, the data for w'hicU has been taken from 
an actual test. 

The decomposed steam acts as a carrier of heat energy between 
the producer and tiic chamber in which the gas is to be burned. All 
the heat absorlicd from the producer in the decomposition of the 
steam and in the formation of hydrogen will be given out when the 
hydrogen is burned back to water. That is, when steam is used, a 
certain amount of sensible heat that would otherwise be wasted in the 
producer-gas process is locked up temporarily in the form of hydro¬ 
gen, and carried over into the combustion chamber, it becomes 
available. Under no circumstance can the use of steam cause a 
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gain of heat, and the tendency will always l)e to lower the tempera¬ 
ture of the fire. In addition to the conservation of the heat losses 
in the process of gasification, the steam has a very desirable mechan¬ 
ical effect on the fuel bed, by softening tlie clinkers, preventing 
localized combustion and the fusing of the cliiik<TS to the brickwork, 
keeping the fuel l^ed porous and homogeneous, and protecting the 
grate by kei‘ping the intense combustion away from it. 

The protluccr should be supplied with all the steam that it can 
decompose, in order to secure a high effn ieiuy. 'Phis inuxiinum 
quantity will vary with the nature of the raw fuel, witli the type of 
pro<lu«‘r, and with the metluKl of o|XTa(ioii. 

Fuel. IVaetically every known solid fuel has Imh'H successfully 
used for the manufacture of producer gas. 'Pin- purjHi.se for which 
the gas is to be used, and the tyj)e <if pnalucer, will, however, deter¬ 
mine what fuels may he use<l in each i)articnlar cas<\ Since each 
fuel will give the gas certain definite proi)erties, it is evid<‘nt that the 
projlucer gas matle from different fuels nwiy vary j)erivptil)ly in com- 
jM)siti6n. Pro<luccr gas made from hituininoiis coal will Ik* high in 
easily condensible hydrocarbons, generally spoken of as "tar"; while 
that made from anthracite coal will have a low perwntage of tar. 
Thus, some fuel with a certain typt^ of producer migl^t make a 
quality of gas that would give gofwl results in a sti*t*l funiacr; while 
this same gas might Ik* worthless for use in a girs engine. Impurities 
in the raw fuel will, in certain eases, give the n*sulting gas certain 
constituents that would make it unfit for <'crtain kinds of work. 
In burning certain ceramic products with producer ga.s ma<le from 
fuel containing volatile sulphur compoumls, ammonium salts, or 
other impurities, considerable difficulty may be cxp<*ricnccd from 
the action that the gas may have on the particular product umicr 
treatment. On the other hand, if a muffle kiln—that ts, one in which 
the combustion products do not come in contact with the ware that 
is being burned—is used, the impurities would not make any 
difference. 

The size and condition of the fuel arc of considerable impor¬ 
tance. A crushed coal will always give better results than coal with 
large lumps. Some run-of-mine coal is now lH*ing used m gas- 
producers; but it must be remembered that not all things that are 
possible are desirable. The use of fine dust, also, is not good prac- 
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tice. The fuel should be dry, since any moisture that it contains 
must be driven off in the producer, and this will cause a certain heat 
loss. Anthracite, bituminous, and brown coal, peat, lignite, wood, 
sawdust, shavings, tanbark, and similar refuse have all been used 
for making pnaluccr gas. 


GASIFICATION LOSSES 

EfRciency. Since producer gas is made by a partial combustion 
of the fuel itself, it is evident that there must always be a certain loss 
in the process of gasification; and, as a result, the efficiency of the 
gas*pro<lucer will always be less than unity. 

VfF ■ \jniN njinil wcinlif ofJWl 

^ Hi'ul imiTs ilk a unit wcigtil of fuel 


With a properly <losigncd and carefully opcratcil gas-producer, 
the gasification los? should not be over -0 per cent; that is, the 
efficiency should be at least 8U per cent. Thus, if the furl ('ontained 
14,000 B.t.ii. |H‘r |a»und, and the gas evolved from a jwund of that 
fuel contained 11,200 B.l.u., then the efficiency would he e^ual to 


11,200 

14,000 


=» .8, or SO ]Kr cent. 


The heat energy in the gas will he of two forms—heat of com¬ 
bustion and sensible heat, by virtue of the temperature of the gas. 
Since the latter will Ihj lost if the gas is cooled down to atmospheric 


temperature, it is eviilent that a gas-pnalucer will have two efficien¬ 
cies, depending uixm whether the gas is use»l hot or cold. The 
former is called the hot-gns r^ciency, wliilc the latter is called the 
cold-g<u efficiency. 

If any carbon passes through the prodiu’cr without being con¬ 
verted into gas, a corration must be made to gel the true efficiency 
of the gasification. The grate efficiency represents the percentage 
of carbon actually gasified. A grate efficiency of 06 per cent means 
that 9G per cent of the carbon charged into the producer is gasified, 
and 4 per cent passes out with the ashes. The true efficiency of 
the producer or the efficiency of gasification of the fuel will be the 
efficiency as first determined divided by the grate efficiency. If 
th6 efficiency as first determined—or, what is the same thing, the 
ap(Mirent effidcncy—is ^ per cent, and th<j grate efficiency is 96 per 
cent, then the true efficiency of the producer is 80 per cent+96 per 
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cent or 83.3 per cent. This refinement is seldom applied, since the 
producer and grate should be so designed that no unbumt carbon 
is carried out in the ash. 

Heat Losses. There are many heat losses in the process of 
gasification. By judicious management, each of these may be 
reduced to a very small quantity. •The principal losses arc the 
sensible heat loss and the carbon dioxide loss. 

The 9ensibU heat loss is the heat carried out by the ga.s, by 
virtue of its temperature. If the temperature of the exit gases is 
1000 degrees Fahrenheit, this loss will amount to nlxiut! 1 per cent. 
If the producer gas is high in hydrogen—which has a high specific 
heat—the percentage of loss will l>c higher. The sensible beat loss 
is large in nearly all forms of pnwlurer.s. The loss due to carbon 
dioxide is frequently high; in bad < ascs it may amount to 10 per cent. 

Heat Balance. The principal items in the heat balance of a 
gas-producer arc as follows: 


Debit Side 
CaloriSc power of fuel 
Heal in air blast 
Heat in steam blaal 


Sum of (iebits 


Creoit Side 
Calf)rifif. power of (^aa 
LohI in jinheH 
Ixwl in imburnod carbon 
Lost in tar and snot 
I/)h( in Hcnsihlc heat of gaa 
I/wl in healing undecompoaed Warn 
Lost in evaporating moiaiure in fuel 
Lost in volatilization of hydrocarboiia 

l/»st in radiation _ 

a 8um of rrctiits 


REPRESENTATIVE TYPES OF OAS-PRODUCERS 
The prefixing of cither the name or the type of the producer to 
the gas made therein is not to be recommended, that is, names such 
as "Siemens gas"; "Dowson gas", "Mond gas", and. ".suction gas” 
are undesirable. It was originally thought that each design or type 
of producer would make a gas with a certain distinctive quality. 
It is true that the gas made in different producers will vary in com- 
portion; but this variation is due to the method of operation or to 
the nature of the raw fuel used, rather than to the t>'pe of producer. 
Gas-producers may be defined as follows: 

A icaUr-seal gas-producer is one so constructed as to have a 
9 ^ of water betwt^n the interior of the producer and the air. 
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A continwnu gas-producer is one that may be operated conUnu* 
ously for a long period of time. To secure this condition, the fuel 
must be introduced, and the ashes removed, in such a manner as not 
to interfere with the process of gasification. 

An u/M/m/f gas-producer is one that introduce.^ the air at the 
bottom and removes the gas al the top. 

A down-draft gas-prtHincer is one that removes the gas from 
the bottom, and introduces the air blast at the top of the fuel bed, 
and in this way causes the draft and the n'sulting combustion to 
go downward. The term inverted-combustion is also used synony¬ 
mously for down-draft. 

A by-product gas-producer is one that, in addition to the regular 
production of gas, makes one or more auxiliary prixlucts based on 
certain constituents of the raw fuel or resulting gas, constituents 
that, generally, would otherwise be lost. 

An underfeed gas-producer is one in which the fresh fuel is fed 
into the bottom of the pHnluccr. 

Classification. All gas-producers may be classified into the 
following groups: 

(1) Suction 

(a) Draft induced by a chimney 

(l^ Draft induced by an exhauster 

(c) Draft inducYil by a gas-engine piston 

(2) Pressure 

(3) Balanced draft 

Suction Producer. X suction producer is one in which the 
resulting gases are drawn or induced away from the producer; the 
interior of the producer is kept at less than atmospheric pressure, 
and the air is forced in by the pressure of the outside air. The 
suction may be obtained by a chimney, exhaust fan, or gas-engine 
piston. There has been considerable confusion in nomerfclature, 
some proposing that the only apparatus that should be called a 
suction producer is that in which the suction is furnished by the 
engine piston. This would be quite correct if it were applied to 
the plant, i.e., if such a plant were called a suction gas poicer plant 
To the producer itself, it is immaterial how the suction is produced. 
An en^ne of any size can be made to fumish the suction for the 
producers and the plant will run satisfactofily. 'It has been found 
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better, however, from the standpoint of economy, and to obtain 
greater reliability, to substitute some other apimratus -an exhauster 
—for the gas-engine piston in largi* gas-engine plants, since an 
exhauster is a much more efficicjit gas pump than is the engine 
piston. The only advantage in having tlie suction furnislHsl by the 
engine piston is its simplicity; this is im|)?)rtant <»nly to small plants 
where simplicity throughout is a j)riine reejuisite. Iii large plants, 
however, the greater economy and rclialiilily uhicli r<‘snlt from 
the use of an exhauster always more tliun overbalance the loss of 
simplicity. , 

Pressure Producer. A pressure pHnluccr is one in which a 
mixture of air and steam is supplied to the jinMlunT under prcssim*, 
the pressure being sutheient to forev tiu* inixtun; through the fuel 
bed and to forct^ the resulting gases to the point where they are to 
be used. 

Ba!ar,ced‘DraJt PrtHtucer. A balaiued-draft j)rcHhiecr is <me in 
which a combination of the two j)revi<ius methods is used. A mix¬ 
ture of air and steam is furnislu'd to the j)rodu< cr, under pressure, 
by a blower, and the resulting gases arc drawn f)IT by an exhauster 
and sent to the engine umler pressure- the relative pn*ssure and 
suction being so adjustwl that the prx^ssure ofi top of the fire is just 
atmospheric. The advantage of tins system is that the fire can Ik* 
properly looked after and eh*aiHHl withoiit the leakage either of gas 
into the producer room or air into the prodmer. This is partn u- 
larly advantageous for continuous operation, since the fire needs 
occasional attention and poking to clean out the ash and to prevent 
the formation of ash chimneys, clinker, or of fire arch. In a pres¬ 
sure prorlucer, when a poke-hole is oi^encd, gas flows out into the 
room and the operator will not give the fire proper attention I>ccausc 
of the diseonifort from the gas. In a suction pnalutt^r, when a poke- 
hole is opcifed, air flows into the prod»ieer and ns soon as it comes 
into contact with the hot gas, the gas catches fire and bums, thus 
increa^ng the amount of inert gases and weakening the gas delivered 
to the engine; if the poke-hole is kept open too long this will become 
so serious as to give trouble in operating the engine. In a balanced- 
draft producer, on the other hand, since there is no difl’ercnc'e of 
pressure between the inside of the producer, on top of the fire, and 
tlic producer room, there will be no flow in cither direction. 
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SUCTION TYPE 

Small Producers In Which Enjlne Furnishes Suction. Fair- 
banh-Mom Type. Small prorluccrs of this type are used entirely 
for power purposes—furnishing gas for gas engines. The producer 
shown in Fig. 5 is typical of this class. The producer, or generator 



Fif. ft. Ckms Section ol Fnirbulu'Mone Suction Ou'Produccr Ainncnd t« 
8ho« Prinripnl PnrU 

CeurtMir of Fnirftaofti, Morn, and Conj^onir. CKkafO 


proper, is constructed with a double>wailed shell C and C, between 
which the current of inlet air Rows, picks up the best radiated 
through the walls, from the producer, and returns it to the fuel bed 
through the pipe D. The vaporiser is located withii) t!>e drmble 
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walls and is in the form of troughs E, into which a measured stream 
of water runs, depending upon the suction in the producer induced 
by the engine, i.e., upon the load. The water is vaporized by the 
radiated heat, mixes with the heated air and }>asses through the 
fuel bed, breaking up the clinker and cooling the fire to working 
temperature. The producer has a wat^r-sialed bottom, the water 
being carried in the ash pit G. The fuel bed is not carried U|X)n 
grates, being supported upon a Iwd of ashes in the ash pit, which, 
as they accumulate above the sight holes F can he removal through 
the water>scalcd ash pit. The air and steam blast is adinittcil to 
the center of the fuel column through the bonneted pipe, or blast 
hooil //. The shell C' is well lagge<l and the top / of the generator 
is water-cooled to prevent radiation to tlie producer r(Knn and to 
keep the top of the producer cool ciumgli x* that the operator ran 
properly attend to it without discomfort. The inner shell G is pro¬ 
tected by a fire-brick lining H. The charging hopjMT./ is sealed top 
and bottom by the cover K and countcrwcighfnl valve L, respec¬ 
tively, and is so constructed that it is impossible to o))cn either one 
if the other is not closed. The bottom valve L sfTvt*s also to dis¬ 
tribute the fuel over the surface of the fuel bed in charging. (>as is 
drawn off from the top of the prcxluccr by the pipe M. In the top 
of the downcomer P, leading to the scrublK-r A-, is locatefl a spray 
nozzle through which flows a very .small (piantity of water. This 
water is vaporized by the hot gas .in<l aids in tlu^ cleaning when it is 
again condensed in the scrubber, as the particles of water in con¬ 
densing steam arc smaller than can he nu'chanicaily obtained and 
are thus able to envelop and weigh down the smaller particles of 
impurities in the gas, which would otherwise not be removed from 
the gas. The relatively large meehanicHliy obtained particles of 
water arc too lai^ to envelop the small particles of dust in conse¬ 
quence of*the increase of skin tension with increase of size. The 
producer and scrubber or producer and purge pipe R arc connected 
by the water-sealed three-way valve 0 in such a way that the 
scrubber cannot be in communication with the purge pipe. 

Syracuse Suction Type. The producer shown in Fig. 6 is also a 
double-shell producer in which the air is brought down to the fuel 
bed through the space between the shells and is there pre-heated. 
Hie inner lining is protected by fire brick only to the height at 




Fig. 0. Symuae Suction Gu*PfoduMr flbown in Section 
Cnrttif >4 SgracM* Ca« CMignnir, SirrceitM, Stm Ytrk 
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which the fuel bed is ordinarily carriwi. Alwvc this level, the sides 
and top are protected by a water jacket whicli also serves as the 
vaporizer. The top of the ash pit is cast to form an annular trough 
which catches any overflow from the wall jacket and serves as a 
supplementary vaporizer. Tins vaporizer also serves to improve 
the quality of the gas when st.artin» the producer. Ordinarily, 





fit r Section <>i Croivky New Type Patent fliiclion (in# Plant 
Courtrty of('ro4*Uif ijat Kngice Complnnif. Mnnckrttrr, Knofund 


when a producer is started up, it is blown until the quality of gas 
generated is good, and the engine is then started. The rate of 
gaufication iii blowing up is much lower than in normal operation. 
When the engine is started, the pull on the fire is mudh increased, 
the conditions in the producer have not had time to become stable, 
and the quality of the gas drops for a short time and then g!^ually 
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builds up as the producer approaches normal operating condition. 
After a stand-by tlie vaporizer at the t(jp is cool while the ash pit is 
hot, so that with this supplementary vajxmzer the entering air will 
carry sufficient steam, upon starting up, until the top vaporizer is 
heated up. No blast pipe and hood are used in this case, the distri¬ 
bution being obtained by Arrying the fuel bed on an inverted-cone 
or a flat grate. The grate-bar design and .spacing depend upon the 
character of the fuel to be gasified. The charging hopper is 
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sealed ot the bottom by a rotating metal slide and at the top by a 
sheet-inetul cover, the lower edges of which are water-sealed. This 
cover is so made that it cannot be removed until the lower valve is 
absolutely closed. The purge \ nlve is water-sealed and at the same 
time water-cooleil, and is located at the top of the scrubber, which 
takes the place of the dinwncomer in the previous producer. 

Crmky Suction Type. The English gas-producer shown in 
Fig. 7 has a vaptirizer entirely separate from the generator, whidi 
permits the use of an open-hearth type of stepped grat e and com» 
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queiiii^ prriiiiia ih6 con* 

dition of the fire to be 
examined without open¬ 
ing any fire door or in 
«ny way altering the con- 
ditionsofoperation. The 
plates compt>sing the 
stepped grate are so dis¬ 
posed as to be outside 
the angle of repose of 
the fuel, which insures 
that none of the fuel will 
fall fr<un the grate. Be¬ 
low the bottom plate the 
fuel rests on its own IhsI 
of ashes. Clinker, which 
has Ihhui poked down 
through the holes F F in 
the top plate, can be re- 
move<l at the step grates. 
A small stream of water 
delivered onto the t(»p 
grate plate overflows on¬ 
to the lower grate plates 
and keeps tliem cool at 
the same time that it 
supplies steam for gas 
making. The rotating 
charging valve is shown 
in Fig. 8; it insures that 
no air gets into the gen¬ 
erator as a result of feed¬ 
ing fresh coal. In the 
vaporizer shown in Fig. 9, 
the water passes in suc¬ 
cession down the inner 
and up the ribbed outer 
tubes from right to left 
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and goes out, finally, ns superheated steam. The water supply is 
regulated by the automatic device shown, which is o^wrated by the 
suction at the generator; no water can flow when the engine is not 
working and thy amount of water going to the vaporizer inere.ases 
with the suction. 

Pinfark Suction Type. The producers shown in Figs. 10 and 11 
are of a different ty;>e of eoiislniclion. Keferring to Fig. 10, for 
larger-sized installations, A is the hand-Mower. P is the ash 



Flc- tl. Piniwh Suction GM>Produecr (or 4<vnc,rM^wrr Plant* u>] Smaller 
Courtnjf of Stagfr ^n^ine n'urilr, Mu-hii/an 

chamber with water seal C. D is the bcxly of the prtMlupcr with 
charging hopper E. F is a tiihular vaporizer alxive which is the 
vent pipe G» // is a settling chamber. The air for the prcxlucer is 
drawn through F, in that way absorbing the steam formed in the 
vaporizef, and is th^n taken to the ash chamber by means of a pipe 
not shown in the illustration. /an ordinary tower scrubber filled 
with coke and supplied at the top with a spray of water. J is a 
purifier; the two shelves are filled with shavings, sawdust, or some 
similar material; as the gas passes through this, some of the impuri* 
ties are filtered out. K is an automatic regulator; it consists easen* 
tially of a tank of water containing the bell L, which issupporte<l by 
die spring M, The object of the device is to make the actual time 







der with gas. The operation is as follows; When the gaMngine 
piston draws gas to fill the cylinder, about ^If will be drawn from 
the chamber K; as a result, the exterior atmospheric pressure will 
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cause L to move clown oiul compress'the spring M. Just as soon 
as the engine stops drawing gas, the spring J/ will draw L back to 
its original position, and the gas required to fill K will be drawn 
from the producer. In this way the process of gasification is carried 
on after the engine piston has Hlh'<l the engine cylinder. 

The prcKlucer shown in Fig. 11, f<)r*snmller powers, is similar to 
the above with the exee]>tion that the vaiwirizer is an intemabring 
vaporizer instead of an external apparatus. 
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OUo Suction Type. The cross-scclional view, Fig. 12, of a small 
suction pr^uoer with a fixed grate is selt-csplanatory. 

Large Producers with Suction Furnished by Power-Driven 
Exhauster. If bituminous coal is used in a gas-producer, heavy 
condensible vapors are distilled off. These, unless they are decom¬ 
posed and converted thereby into permanent gases, will condense in 
the form of tar as soon as they arrive at a cool place. The hydro¬ 
carbons have great beating value; and if they are not utilised in the 
imducer, the efficiency of the plant is lowered. They are, bowev.r. 
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a source of considerable trouble and annoyance. The tar miut be 
separated from the scrubber water before this water can be per¬ 
mitted to go into a sewer; and if the condensation and separation of 
the tar are not complete, it will cause trouble in the engine by deposit¬ 
ing on the valves. 

Many gas-producers art designed for dealing with bituminous 
coal in such way as to decompose and partly burn the hydrocarbon 
va[)ors and convert them into^rmanent gases. This can be accom¬ 
plished either by an vnderfeed or by a dovn-draft producer. 

Capitnine Underfeed' Tlic (’apitaine underfeed suction gas- 
producer is shown in Fig. 13. The coal is introduced at ^1 ami is 
then fed over to the center of the producer by spiral conveyor B, 
which delivers the coal to the vertical spiral conveyor C; this, in 
turn, screws the coal up into the ctmter of the fuel bed. The ashes 
are worked out through grates /), while the gas is w ithdrawn at E, 
The primary object of this design of gas-producer is to introduce the 
fuel in such a manner as to secure a slow agitation o^ the fuel bed 
and also compel the volatile products of the green fuel to pass up 
and through the mass of superimposed incandescent fuel; in this 
way the volatile matter will be converted into fixed gases. By 
comparison with Fig. 2 it will be seen that the distillation zone is 
under the*fuel bed in Fig. 13. 

lA)omis~Peiiibone Bituminous Type. In the producer or gener¬ 
ator shown in Fig, 14 the draft travels in the reverse direction from 
that in any of the producers so far shown, i.e., a down-draft producer. 
The fuel bed in the producer A is supported on a series of interlock¬ 
ing fire-brick arches, which ser\'e the.purpose of a grate. Above and 
below this grate are located cleaning and ash-pit doors, which are 
made of cast iron lined with fire brick. At the top of the producer, 
at the center of the cross section, is located a cost-steel water-cooled 
air-inlet nozzle provided with a cast-iron connection to*the top of 
the economizer B, and provided, also, with a swinging door to 
enable inspection of the fire. The annular space betw»^n the air- 
inlet nozzle and the fire-brick lining forms a fuel reservoir, which, 
since the draft is down, is simply provided with single doors for the 
introduction of fresh fuel. Any leak of air into the producer while 
the charging doors are open will simply take the place of air which 
otherwise would come from the nozzle, and the <|uality the gia 
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will he affectwl only from the fart (hat no steam Is admitte<l in the 
air that leaks through the o|M'n (i(M»rs. The gases distill gradually 
out of the coal ns it descends and is slowly heated. These gast's 
pass through the whole «le|>th of the firt', and are thereby heated to 
such teinjH'rature ns partly to hum, and j>artly to decompose, the 
tar va|>ors. A fire-hrick-liiusl connecyon at the base of the pnalueer 
leads to the e<-onomi/.er, or eotnbined vapori/er and air pri*-heater. 
The tTomnnizer, shown at li, Is of t^ie vertical rctiirn,-tulmlar ly}a‘. 
in which the h(»t gas<s pass from the has<‘ upward thmugh a large 
central wroughl-lron tube, the upper end of wliiclj Is attaelie<l to a 
flanged diaphragm. Near (he outer e<lge of this diaphragm is fitU‘d 
a nest of return flues of relatively smaller diameter, to ctmduet 
the hot gaM's 4lownward to the outlet casting at the lms<'*leu<ling to 
the wet scrubber. The icntral wroughl-lron ttiU* in the economizer 
is fitted near its up|H‘r end with a small basin from which the water, 
fed in automatically proportiom-cl (piantities by the vacuum l)ell 
mechanism or water regulator slu)wii at (!, flows jh»wn over tlic 
central tul>c, the function of which is that of a flash lM»iler. The 
cool air, entering the base of the economizer shell and passing up 
around the tubes, carries along with it this ova|)orati*d water and 
enters the top of the producer in a highly heatwl condition. The 
suction ill the scruhl>er and vaporizi'r is prodn(-(*d hy (♦ic cycloidal 
impeller“ty|)c exhauster D, which forces the gas from there into the 
gas holder from whence it flows to the engine as it is needed. 

l)ouhlc~Zonr Smiion Tv/)r. Another metlnxl of 
converting the hydroearlmns is to gasify iutuminous coal in a dnuhlc* 
2 onc producer, an example of which is shown in Fig. 15. This pro¬ 
ducer is in reality com|K)se<l of two pnahu'rt^- a down-draft pro¬ 
ducer mounted on top of an upnlraft producer, with the gas taken 
off at the junction of the two. Coal is charged at the top through a 
suitable,opening in the water-cooled cover plate. Through this 
same plate air is admitted and drawn through the fu(rl by the suction 
at the gas offtake. The amount of air .supplied is insufficient to 
support complete combustion, but enough to cause coking, and the 
heat of this process distills the hydrocarbons from the green coal. 
As these pa.ss through the coking zone, they are broken dow n into 
the more stable methane, or marsh gas, and carbon. Before the 
fuel reaches the level of the offtake; the available oxygen has been 
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consumed so that complete combustion is impossible. In the 
middle of the producer, there is, therefore, a l>ody of unburned coke. 
As tins passes farther downward, it reaches a zone to which air is 
supplied from below through a tuyere and the eokc is then gasified 
ns in any ujMlraft pnKlueer. As the air passes upward through the 
lower |)art of this zone, einnplete oombhistion takes place, resulting 
in carbon dioxide COj, but ns this gas rises, it unites with the carbon 
of the hot coke and forms carbon n»#noxi<ie, (V. As the cHrlxni 
monoxide is formed, it passt*s to the offtake where it mingles with 
the gases descending from the up]xT fire zone. The ash resulting 
from the eoinbustion of the coke passes through the open bottom of 
the producer shell into the water-sealed asli pit. 

Large suction j)roduecrs in which the suction is furnij^icd hy 
an exhauster are also built for tlje gaslfieathni of antliraeite. 

LoomiS’h-Uiboue Jutmuittnit Ti/uc. The pnxlueer shown in 
Fig. I() is designed to haiulle hituininon.s coal and is of the inter¬ 
mittent type. In normal operation the <lraft is dinvnward and 
producer gas is made, llecauta* of the charaet<T <»f the bud and the' 
incnmlestrut zone necessary to fix the liy<lr(K-arbons, clinker is very 
readily formed during thi.s perio<l until it becomes so had as to inter¬ 
fere with the draft. The air is then shut off from the pro(hi<-<*rs and 
they arc blown with a steam jet, no air being admitted. This pro- 
ducx's pure water gas and is eontinmsl iintil the fire; is clulhsi off and 
the clinker broken np into small particles and thu.s the resistance to 
the draft is nsluee«l. With a fresh fire the producer-gas runs csin 
be of long duration and the water-gas runs of very short duration, 
but the longer the producer is run without cleaning out entirely, 
the shorter are the producer-gas runs and the longer the water-gas 
runs. The eomlition of the fire may get so bail as to allow pnxluecr- 
gas runs of only ten or fiftwn miimtes and rerjuiring water-gas runs 
of as mtich^s a minute or two, w hereas, with a clean fire, thepro- 
duecr-gas runs caji l>e made as long as several hours and the water- 
gas runs seldom cxm*d thirty seconds In normal ojHTation (pro¬ 
ducer-gas run) the exhauster creates a downward draft in both 
generator!, shown in elevation, and in 2, shown in sc<‘tion, with 
the top doors H and 7, and valves .1, If, (!, and I) open. When 
the producers qre Ijcing blown up to start, valve />, leading to 
the holder, is closed and valve C, to the purge pipe, is o|>cncd. As 
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soon as the fires are thoroughly kindled, and during all produeer-gas 
runs, steam is admitted to tl!e tops of the generators by means of 
the pipes F and E, and is mixed with the air drawn tl ■ough the 
open top doors. The resulting pixxlucer gas is drawn down through 
the grates and ash pits of generators t and 2, and passes up through 
the vertical boiler, which ac|jf as an economiser by abstracting some 
of the sensible heat in the gas and generating steam with it to be 
returned to the producer. Tic steam is mi.xcd with air during the 
producer-gas run, and is used for blasting the fires during the water-gas 
run. After leaving the boiler the gas is drawn under suction 
through the wet scrubber, or tower washer, passes through the exhaust¬ 
er, is forced through the dry scrubber under prcs.sure, and from 
there toShc gas holder, from whence it is drawn as needed. When 
a water-gas run is to be made, the top doors II and I and valve B 
are closed, and steam is blown up through the fire in generator 2 
by admitting it to the ash pit by means of the pipe J, The resulting 
water gas and steam is blown to the top of generator 2, from there 
across to the top of 1 by the brick-lined connecting gas pipe, down 
through the fire in generator /, and out through valve/I into the 
vertical Imiler as in normal operation. In alternate water-gas runs 
the valve .1 is closed, valve B remains open, and steam is intro¬ 
duced intw the ash pit of generator I by means of pipe K. The gas 
holder is of sufficient capacity to mix the producer and water gas, so 
that the resulting mi.xcd gas is never of a higher heat value than 
can he handled by the engine, and to insure that a charge of pure 
water gas cannot be drawn by the engine. 

The principal difficulty with this type of producer is the fact 
that it is not capable of continuous operation, as it must be shut 
down and the ash and fuel bed entirely drawn at intervals of about 
six days. Because of the high heat in the fuel bed and the high ash 
content of the fuel ordinarily used, this is a very ardpous task. 
This type of producer is used for both power and fuel-gas purposes, 
firing furnaces or kilns. 

PRESSURE TYPE 

Syracuse Bituminous Pressure Type. The producer shown in 
Fig. 17 is designed to handle bituminous coal for fuel-gas purposes. 
The charging hopper is so arranged that the gas given off the 
fresh fuel when fired, and which contains Bost of the hydrocarbmu. 
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does not pass directly to the hurnersbut is re^circulated and enters 
the fire with the main supply of air add steam. As the gas strikes 
the incandescent the hydrm'arhons an' changed to a irrmanent 
gas which will not <‘omlense in an«! clog the flues. The amount of 



Fif. Sywcutc Bituminow Premro (iM-Produw 
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(tas so recirculated is regulated by means of the valve ahoa'u at 
the top of the producer. 

An additional advantage is that the top of the fuel bed remains 
even and the heating value of the gas does not vary when coal is 
fired, B.S oecurs when the ordinary producer is used. A rotary grate 
is abo sometimes used in this producer. 
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Morgan Continuous Type. A jiroducer which is largely usttl 
for furnishing gas to continuous-liwrting furnaces for supplying hot 
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coal out over the surface of |he fuel as shown in the illustration. 
The steam blower is placed in'a horizontal position as shown. 
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Cronley Pressure Type. The EngKsl), pressure bituminous get 
plant shown in Fig. 19 includes among its special features, k 
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Kvolving table or blast boo<1, a dust catcher, a cascade or bafUe 
washer, a rotary tar extractor, a coke scrijbber, and a wood-wool filter. 

Hughes Pressure 
Type. The productT 
»hown in Fig. 20 has a 
revolving brick-lined 
shell with water seals at 
the top and bottom in¬ 
closing the coal to he 
gasified, an ash supijort 
attacht'd to and revolv¬ 
ing with it, carrying a 
blower supplying steain 
and air, and a water- 
<-ouled top plate with a 
de|)ending vibrating 
water-cooled poker. 

In operation, the in¬ 
candescent zone of fuel 
rests u|)on a Wd of ashes 
extemling from the ash 
pan to a point ranging 
from C inches to 10 in¬ 
ches above the blower 
hood. The incandescent 
zone is U) to .'iO inches 
deep, ac(‘ording to the 
deinaiul fur gas and the 
consequent condition of 
the fire. Over this the 
green coal in spread to a 
depth of 4 to 8 indies. 

The water-cooled 
poker, supported by the 
stationary top of the 
producer and extending 
through the green-coal 
lone and partly into the 
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incandescent zone, moves in an arc between the center of the 
producer and a point within a few inches of the shell lining. As 
tiic poker swings backward and forward, the producer shell slowly 
revolves so that the path in the fuel taken by the poker forms 
a series of ellipses, as shown in Fig. 21. By this means the bed 



Rg. 29. Vartieml Section through Bitger OM-Producer 
CvttrlMg of Tho <h» JVocAiMrv CaMfnnir, Ctmlantf, OAw 

• 

of the fuel is maintained at a constant level and the formation of 
holes is prevented. A sectional view of the water-cooled poker is 
given in Fig. 22. 

Hitger Pressure Type. The producer shown in Figs. 23 to 27 
is one which has been very successful in Europe for steel'mill pur* 
poses and is just being introduced into this country. Hw grate 
proper consists of two parts; the lower part forms the ash pan ud 
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supports the upper part, a star-shapol distributing hood, shown in 
Figs. 23 and 24, through which the av and steam are intriMliired to 
the fuel bed. Tlte ash pan with the distributing hood is first rotated 
in one direction for a desired distance and then Inick again fur a 
somewhat smaller distance; this reversal prialuces an oscillating 
motion, and causes the fuel bed to be’constantly agitated without 
discharging more than the desired amount of ashes. Tlie constant 
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agitation prevents the formation of large clinker and black spots, 
at the same time keeping the fire open for the proper introduction 
and distribution of the air and steam. The mechanism for actuating 
the rotating grate is shown in Fig. 2o, The grate is oscillated by a 
worm gear, driven by an eccentric rod through a counterweighted 
dog which flaps over by the motion of the lever. The ashes arc 
Automatically discharged by a scraper as shown in Fig. 26. The 
fnebcharging hopper and method of distribution are shown in Fig. 
27. When the valve is open only a little way, the fuel is thrown 
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toward the center of the proilucer. By opening the valve wide, the 
fuel clears the side angles and fs thrown to the aides of the producer. 

Chapman Rotary Type. The producer shown in Figs. 28 
and 29 has the grate fixed (a water-a(‘aled ash pit supporting the 
fuel bed), and the producer shell is in two parts rotating at different 



..i . AS M»H€RV Ct' • • , 

Fig. 3&. Vwv o( iMUlSaUon of TwoMy fitlier CiwPnducon at Kolploo, ftuMU 
Courtwy «/ ft* Go* ifoctfium Company, CUtdamJ, Otio 

speeds, the upper part moving faster than the lower. The top of 
the producer is stationary and supported on three columns; it is in 
the form of a water firay to keep the top of the producer cool, and 
supports the charging hopper, fuel chamber, and gas outlet. The 
revolving sections are supported by rollers, mounted in pairs OD 
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equBii 2 inK yokes, the side thrust heine taken by separate rollers, also 
mounted in pairs on equalizing yoke|. The upper revolving seetion 
is briek-linwl and is sealed at the top by a water tray fomuHl in the 
shell into w hich projects a ring which is an integral [xirt of the top 
casting. The sikicc K'tween the upi)er and lower nwolving sections 




flf- Rotary Aih Pan of Htiger Oaa>Pfoduear 
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is sealed in a similar manner. The lower revolving section is water- 
jacketed and is scaled at the bottom by the water-sealed ash pit. 
The upper and lower sections are revolved continuously in the same 
direction, but at different speeds, by means of gears. This causes 
the u^wr portion of Uie fire bed to revolve over the lower, thus pro* 
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during a shearing action which prevents the formation of holes in 
the fire. The charging hoppfr discharges into a stationary fuel 
chamber, the bottom of which is water-cooled, and as the producer 



Kn 'tT. F«ei-Ch»r»in* Hnpper <»l Htlifef CM-Producer 
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shell revolves, the rounded tip of this fuel ehaml>er spreads and 
packs down the top of the fuel l>odl Any ineqimiities or holes m 
the top of the fuel l)ed are filled hy jjravity hy tlie coal eonliilned in 
the fuel chamber. 

The inside wall of the lower revolvin^j section and the outer 
edge of the blast hood arc corruguteiVand, since the blast liutMl is 



ft(. 30. L*«cr rottioft of Ckapmta Ou-Protlucer. Showint A«h Ejector in Operatkm 
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Stationary, serv’e to crush the large clinkers and a.sh. The ashes, 
afttar being crushed, are forced up to the surface of the ash pan by 
three blades, or {dows, attached to the lower revolving section. As 
fast as the ashes come to the surface of the pan, they are picked up 
by the ash scoops which are also attached to the lower revolving 
section, and carried to the point from which they arc automatically 
swept into an ash pit or car, as the case may be, as. in Fig. 29. 
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The blast is produced by a five-stage steam-jet blower which, 
together with the method of r«ulation, is shown in Fig. 30. This 
producer is made only in one size (10 feet inside diameter) and 
requires from 1} to 2 J horsi*power to operate, although 5 horsepower 
is sometimes rt'qliin'il to start. 

Blue Water-Qas Generator. The produc’t^r shown in Fig. 31 
is an intermittent blue water-gas generator. The gas plant con¬ 
sists of a fienerutor, lined with fire brick, and 
^ I 1 having gas connections at top and bottom, lead- ' 

ing into a vertical main. This main terminates 
at the top ill a stack, and at the bottom is con- 
nectwl to the scrubber. Between the generator 
and this vertiinl main are located the special 
gas control valves, which arc arranged to operate 
from the charging platform. Near the bottom 
of the generator is located a blower connection, 
fitted with a quick-opening valve, arranged to 
operate from the charging platform. The blower 
operates on high pressure and furnishes an excess 
volume of air, thus shortening the time of blast 
and decreasing the losses. Steam connections 
are made below the a.«ih pit, and above the fire 
line, by means of diverging expan^on nozzles, 
fitted with steam separetors and traps, thus 
allowing of thorough drying of the steam before 
it comes into contact with the hot fuel bed, re¬ 
sulting in a gain in efficiency. 

Fire is kindled in the generator in the usual 
manner, with wood or other combustible material, 
and a layer of fuel is tlien charged In, and ignited. 
The blower valve is then opened, the tipper gas 

rfckicMFAM.p* chaiging door closed, the ignited material in the 
generator is blasted to an incandescent condition. The bbwer is 
now shut off, and the stack valve closed. The steam b admitted, 
passes up through the bed of hot fuel, and out at Gie top as water 
gas, going over through the top connection into the vertical main, 
and down into Um bottom of the wet s(^bber. 



Pi«- 30. Steua-Jet 
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In a short time, the fire becomes so cool that no more gas is 
produced, whereupon the stack darner is op<.'no<i, and the air blast 
is again turned into the ash pit and tile fire bnxight to incandesceiu'c. 
Then the blast valve, top connection, an<i stuck valve arc closed 
and steam is admitted al)ove the fuel bed, through the upper wn- 
nection, and comes out at the bottom as water gas, pussies into the 



Fi« 31. Cftw^Scrtwn of Hlur Wmi f-Jiafl Onirriior 
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vertical main, and so through the sc-riiblHTs to the bolder. The 
object ol this reversal of steam flow is to hold the fire at the Imttom 
of the bed of fuel. 

From time to time, between intervals of gas*making, fuel is 
chai^ through the charging door at the top of generator. 

BALANCED-DRAFT TYPE 

Both Suction and Pressure Used. Any pressure producer can 
be operated as a balanced-draft producer by installing an exhauster, 
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or exbiust fan, between the scrubber and gas holder—or engine, if 
no holder is used. Some typeiof the large suction producers could 
also be adapted to this principle by the installation of a pressure 
blower at the air inlet to the producer. Up to the present time the 
pressure type of producer fitted with a blast hood for the distribution 
of the air and steam blast is^the only one to which this prindple 
has been applied. 

SPECjJAL TYPES 

By*Product Qas-Producers. General Charadcristiea of Melhodt. 
All by-product processes differ in detail only. They all arc based on 
the same fundamental points; namely, a cooling of the gas after it 
leaves the producer, washing, and treatment with some reagent to 
precipitate the by-product. 

Ammonium sulphate is about the only by-product that has 
enough commercial value to justify the additional ex|)cnsc required 
to save it, and its principal use is that of a fertilizer for certain soils. 
The sulphate of ammonia is formcrl from the ammonia in the gas. 
Nearly all coal contains some nitrogen, usually about 1.5 per cent. 
From one-tenth to two-tenths of the nitrogen in the coal will go 
into the gas in the form of ammonia. By the use of an excessive 
amount of steam the yield of ammonia may be increased very much. 

The gas-producer is usually of the pressure type and generally 
very little different from other producers. The by-product features 
ate introduced after the gas leaves the producer proper. The 
scrubbing system must always be large and complicated; the by¬ 
product system is not adapted for small plants, and the additional 
first cost of the apparatus necessitates a large outlay of money. The 
operating expend will also be higher on account of the salary of a 
ddlled chemist required to handle the plant, reagents for the process 
and laboratory, and the necessity of advertising the by-product. To 
make the plant a profitable investment, the revenue from-the by¬ 
product must be a considerable amount 

Mond Syetm. The Mond by-product system is the only one 
that has been used to any extent in this country, and it will now be 
described and illustrated. A diagrammatic section is shown in Fig. 
32; and Fig. 33 shows the producer, regenerator, and gas washer. 
Referring to Fig. 32, A is the producer with water-sealed ash pan R. 
*Cia the air regenerator; the hot gas fconfthe producer is pasted 
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through this and serves to pre-heat the incoming air, which passes 
through the outer compartment of the regenerator. X) is a mechan¬ 
ical gas washer. A few inches il water arc in the bottom, and as the 
gas passes through, the rotating paddles, or dashers, E throw the 
water upward and secure a thorough mixture of the gas and water. 
In this way a large number ohthe impurities are washed out. From 



Hi, 33. Producer, Ttegenentor. end Qm Weiber ot Mood By<Pnduet Phmt 


X) the gas goes to the bottom of the acid tower F. This tower is 
filled with checkerwork, and diluted sulphuric acid is introduced at 
top by the pipe 0. As the gas goes upward, it is brought into inti¬ 
mate contact with the acid sind this acta on the smali percentage of 
ammonia in the gas, forming ammonium sulphate. This sulphate 
of ammonia solution collects at the bottoth of F and then drains to 
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the tank / by means of pipe H. ,1 is a eirciilatinR pump which takes 
the liquor from / and delivers it to.the top of F by pilK' (!. The 
liquor is circulated in this way until*it reaches a certain dejjree of 
saturation; then some of it is l)>-])assed out of the system by pi|H* 

K, and a eorrespoiuiinp amount of fresh a<'i<l julditl (t) the tank /. 
Tile concentrated ammonium sidphata solution is then evaporattsi 
and the sulpluite redueeil to a solid erystalline state. From tlie top 
of tower F the gas goi‘S to the bottom^>f tl»e cooling ttnvcr M by pi|K' 

L, and then g(H*8 up and out tliroijgb juix* X. 0 is a pipe delivering 

cold water to the top of M. As this watiT trickles <|{»wn through M 
it becomes heat(^i by absorbing the heat from llie UMruding giis. 
The hot water from the l)ottom of M is witlulrawn by pi[>e /* an<l 
double circulating ]>um]) Q, ami (hen dclivcrnl to tlu* tbp of the 
air-heating tower S. U is an ait blower that furnUhes tlur air {<> 
the priMbiccr A. F is a pipe conin'*'tiug with tin* botit>m of »S. 
As the c<dd air goes up through S, it becomes beatc<l and .saturateil 
by the hot water from It From the top of .S’ the air gm’s to the 
r»'geiK‘rator C by means of pi|)e IF. The <ohl water <“olIecling at 
the Imitom of S is withdrawn by pi])c T and (he doubh -cireulating 
pump Q, and delivered to the lop of M. From the description ju.st 
given it will l»e seen that the water acts as a lieat carrier iH’twwn the 
gasH’ooliiig tower il and the air-heating (t)wer .S’. * 


PRODUCER DETAILS 

The various methods of charging the fuel, scaling the charging 
hopper, top and bottom, to prevent the csea|K' of gas wliile filling 
the hopper and changing the fuel, distribution of the blast by means 
of blast hoods, and location of gas outlets, tyjx's of grates, soiling of 
poke- and peck-holes, etc,, have l)ccn sliown in the preceding illus¬ 
trations. * • 

Firo-ftrick Ltnii^. The design and usual metlnxl of installa¬ 
tion <4 the fire-brick lining is shoum in Fig. 34. A space of about 
an inch is left between the inside of the shell and the outside of the 
fire brick and is filled with some elastic, fir(‘-n*sisting material in 
mder to allow for the unequal expansion of the fire-brick lining and 
the producer shell and to prevent the leakage of air from the ash 
pit to the top of the fuel bed through the space in back of the bricks. 




Regulation of Steam Supply. Any gas-producer to be operated 
efficiently must be supplied with the proper amount of steam, and 
furthermore no more steam Aust be delivered to the producer 
than it is able to decompose. It an excessive amount of steam ia 
used, it will posit through the fire without being decomposed, will, 
chill the fire, and add water wapor to the gas. In some cases the 
chilling effect may be enough to stop the process of gasiffcation. 
It not enough steam is used, Ahc fire will become hotter and the 
producer efficiency will be reduced. In a power gas-producer 

the quantity of gas made 
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should vary with the load 
on the engine. As the 
latter may vary in some 
cases from engine friction 
up to full load, it is evi¬ 
dent that the rate of gasi¬ 
fication must also vary 
through a large range. As 
a result of the conditions 
just mentioned, extreme 
care will be necessary 
in proportioning the 
amount of steam delivered 
to the producer to the 
amount of gas made there¬ 
in. Several devices in¬ 
tended to accomplish this 
regulation are iUustrated 


uid described below. There are two tj^s of such apparatus 
In the first type, the amount of steam delivered to the producer is 
regulated by the varying pressure or suction on the prodsegr. In 
the second type, advantage is taken of the fact that the beat r^to 
in the producer are obtained when the amount irf ateain d^iMta 
to the producer is that which the air blast will take up when he*t^' 
to the neighborfiood of 150 degrees F. Consequently, the air 
ia kept heated to that tempAature by means of a thermostat. 

Smiik Suriton Regulator. The regulator shown in Fig. 3$ it 4 
the first type and is apidied to auction pMucen of h<#h, tyM 
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•Itbough lately suction producers of large size of this make, in which 
the suction Is furnished by an exhauster, have been fitted with ther¬ 
mostatic regulation in place of this*t>T)e of regulator. Tha figure 
also shows the heater for vaporizing the water and superheaUng the 
resulting steam and pre-heating the air by utilizing^he waste heat in 
gas^ngine exhaust gases. A is the inlet for the exhaust gases while 
B is the interior of the heater. C is a thin, fiat disk, around which 
the exhaust gases circulate and thl%ugh which the air and steam 



Vk is, SaetioB of Smith Su«mo RcfuUcor 

pus. D is a shaft upon which the weighing vessel E is pivotally 
nq>port((L* is a rad connecting E with the vane G. The air inlet 
iaGurved with itscenter at D. tf is a screw for adjusting the amount 
of water going through the orifice I. K is the water inlet pipe, and 
h eontnlled by a valve. It more water is delivered to E than 
aan pass out through I, the excess is drained to by ah opening 
Dot ilkiwn in the figure and then passes out through the drain JV. 
O ja a counterweight to keep E poised in the position shown in the 
iBaatiatioa, The t^eiation is u foUows: 



^ W) GAS-PUODUCERS 

When the eiiRine draws gas froiti the producer, outside air will 
rush in tlirougli tiu? air inlet to replace the gas removed. As it goes 
in past (! it will <'ause this vai^‘ to be delleetwl and take the position 
iiulicated l*y the <huted lilies; at the same time, E will be moved a 
e<)rres|Kniding aifiount and water will pass out of / and go <iown to 
the vaporizer below. When*the sucking action of the gtw engine 
tvuses, the flow of air in II will cease and the counterweight will swing 
E and ^ hack to their normal position; just 
as soon as / comes hack to this position the 
flow of water will stop. The w'atcr falling 
down on the hot disks C is converted into 
steam and swept on through by the move¬ 
ment of the inc'orning air. In this passage 
the air becomes pre-heated and the steam 
superheated. At the next charging stroke of 
the engine the same cycle will be repeated. 
The amount of water delivered each time 
may be adjusted by means of the screw J. 

Syracuse Regulator. The regulator shown 
in Tig. 36 supplies water to the vaporizer in 
proportion to the load on the enpne. There 
are no moving parts to get out of order or 
adjustment. Pipe B supplies water and pipe 
A carries off the excess not taken by the 
rt'gulator. Pipe C is connected to the en- 
gas-supply pipe and pipe D leads to 
pr(>ducer. 

(.«« ( omfuinu, .S|,r<iriu<. ' 

'■"* Whf n the engine is idle, the water stands 

at M lint a lien the engine is drawing gas it rises, due to the suc¬ 
tion, to some point 0. The water runs out ol the slot shown and 
tliHiugh pipe D to the producer. The amount of this w&fhr is pro¬ 
portional to the load on the engine. 

The regulator shown in Fig. 9 is of the same general type as 
that in Fig. 3C. 

fairbmii-3-.Vom Prasiire ReptbUor. Fig. 37 is a diagrammatic 
yiew of a regulator in which el F is a glass U-shaped tubeliaviiig a 
branch at H. Tis a tank containing water maintained at a constant, 
l^redetermined level. D is a glass tube hav&g its lower end gtoond 
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off at a ,more or less acute angle and the opening thus formed is sub¬ 
merged just below the surface of the mercur>' contained in the lower 
part of the ll-tul)e. The leg F at E %f the U-tube is connwted with 
the main. The operation 
is as follows: As the pressure 
of gas in the main varies, due 
to varying demand for gas, 
so will the relative levels of 
* the mercury change, i.e., as 
the demand for gas increase's, 
the mercury will rise in the 
leg F of the U-tulw and de¬ 
scend in the other leg, uncov¬ 
ering more of the angular end 
of the tube D and thus in¬ 
creasing the area of the open¬ 
ing and allowing more water 
to flow from the tank CioB 
where it falls into the cup G 
and runs to the vaporizer. 

The apparatus is mounted 
in a cast-iron box with a glass 
front, so that it is protected 
against breakage or from any interferen<«, but is at all timw visible. 

Smith ThermosUUic Regulator. A thermostatic regulator is 
shown in Fij. 38. In this the thermostat A is placed in the air inlet 



Fig. 37. CrM-aertiun SbowiDg Prindpio o( 
O^atwtn o( Aut.inukiic Wat«( Regulatof (of 
KairhbolU'Mofw Suetioo OtA'^oduecr 
«/ Fairtaaki. M«r«r, and Companjf, 
Chicago, JgiMW 



to tbe pAducer sad consists of two copper balls connected by a 
diawiMopper tube. This thermostat swings on knife-edges C 
ibtmed on the rod B which supports the thermostat through the 
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bracket D. The bracket h also provided with an arm on vhidi b 
mounted a sliding counterweight E. The balls are partiaOy filled 
vith glycerine. The remaining space in one of the balls, on top of 
Jie glycerine, is filled with ether. The thermostat is balanced on 
;he knife^ges it atmospheric pressure by means of the counter- 
veight E. As the temperature of the air passing the thermostat 
ncreases, ether is vaporised, displacing the glycerine in that boll 
md driving it into the otheif thus upsetting the balance of the 
bermostat. The decrease in the amount of water is obttuned by ' 
1 funnel F attached to the knife.edge rod B, receiving water through 
he valve (?. Underneath the funnel is placed a box ff which is divided 
nto two compartments by a knife-edged partition /. The box is 
so locatedTthat tlw partition is directly underneath the funnel when 
the thermostat is balanced. From one of the compartments a 
pipe J leads to the vaporizer and from the other a pipe K leads to the 
water seal or waste pipe. By means of this apparatus the water is 
diverted from the vaporizer into the waste pipe as the air is heated, 
until, when the air is too hot, all the water is sent to waste. As the 
amount of water going to the vaporizer diminishes, the ait becomes 
lesa heated in tlie vaporizer. By means of the hand valve 0 and 
counterweight £, the thermostat can be set ta maintain a constant 
temperaturi of inlet air to the producer throughout the range of 
load of the plant, and by means of the valve 0 the constant tempera¬ 
ture may be varied to a considerable extent. 

GAS-CLEANING 

Producer gas, in addition to containing condensible constitu¬ 
ents as shown in Table I, generally carries fine dust with it. 
Gas-cleaning is used synonymously with gas-scrubbing and gtS- 
washing and means either the removal of foreign constituents fMm 
the gas, or the removal of certain elements of the gas cMipositiMi 
that are undesirable for certain uses of the gas. WatO' b nearly 
always used in gas-cleaning processes. The object in deaning a^ , 
particular gas is simply to prepare it for some special Und e( . 
work. No general rules can be laid down f« the coartbatota 
that must be removed or tile degree of purity required. Iheifglfi 
mary requisite is that the gas shall be adapted to its spedAe 
The highest degree of purity is required lor engine work; at the 
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aune time the additional cost of cleaning the gas up to that point 
might prohibit its use tor heating a funiace where some impurities 
would not have a detrimental eitect ., 

Gases may be cleaned by means of deflectors, static scrubbers, 
Alters, and mechanical scrubbers. , 

Deflectors. The deflector consists of an obstruction placed 
across the path of moving gas, and causes a sudden change of direc¬ 
tion of flow. This has a tendency t^ precipitate the fine dust or 
water globules carried in suspension. It is very similar to the 
steam separator used in steam pii>es to separate the water from the 
steam. 

Static or Tower Schibbers. .Static or tower scrubbers are those 
in which the cleaning is done by water in a tower. This,cia.ss of 
gas-cleaning apparatus is divided into the following types: bubbling: 
impinging; hurdle; rain; and baffle. 

Bubbling ScndAen. Bubbling scrubbers are those in which the 
gas is forced down into a seal of water and then bubbles up through 
the water. Impinging acrubbers are those in which the gas strikes 
the surface of a water seal at right angles to the direction of flow of 
the gas at high velocity and is taken olT in the opposite direction. 
These two types of scrubbers are little u.sed. 

.ffurdia Scnbbm, Hurdle scrubbers are those in whjph the gas 
is introduced at the bottom, and water sprayed into the top, of a 
tower which is filled with coke or layers of wood slats, alternate 
layerr of slats being at right angles to each other. The object of 
this is to break up the water spray and to bring the gas into more 
intimate contact with the water. The scrubbers shown in Figs. 
5,10, 11, 12, 14,16, and 32 are of this type and need no further 
cqiiaMtion. * 

itoni Scnibtn. Rain scrubbers are tho.se in which no hurdles 
of coke are used. The gas is introduced at the bottom of the tower 
and in its passage to the top is thoroughly washed by a fine mist of 
deseending water. The water is broken up into a mist in various 
ways audt as spnying by means of nossles, breaking the water up by 
meras of leyolving screens, etc. 

‘ Btffit Strvbbm. Baffle scrubbers are small toirer scrubbers in 
wIM ^ water is caused to flow from baffle to baffle in a thin film. 
In tUl way the gas is forced to fallow a zigzag course through film 
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after film of-wat^r ami cniiiiot ciiannel ami escape unwashed. Baffle 
serubtiers are shown in Figs. 0 and 19. 

Mechanical Scrubbers* ^hc removal of tor from gas is one of 
the hardest problems in connection with gas cleaning. The use of a 
tar-laden gas imgas enginc.s will quickly gum the valves and necessi¬ 
tate stopping the producer j^iid engine. This is the reason why so 
many gus-pr«<lucers for power purposes are using anthracite coal. 
This particular fuel, producinft a gas practically free from tar, makes 
the problem of gas-cleaning an easy matter. However, there are* 
many casi's where tlie high cost of anthracite coal prohibits its use 
for prtKlmrr gas for power purposes. In some places the cost of 
anthracite coal is four times the cost of bituminous coal, and, since 
8 pound of the latter will make on the average as much producer gas 
asa iwund of the former, there would evidently be a decided advan¬ 
tage in using bitiiinimms coal in a producer-gas power plant. The 
problem of the use of bituminous coal for such work is simply the 
problem of eliminating the tar. This may be done by the separa¬ 
tion of the tar from the gas or the use of a device that will prevent 
the formation of the tar. 

Tar. Tar is one of the products of the destructive distillation of 
coal ami it is a very complex substance, made up of about two hun¬ 
dred compDunds, some of them so complex and hard to isolate that 
very little is known about them. The exact composition will depend 
on a large number of factors, the most important of which is the 
temperature at which it is formed. Coal tar has a specific gravity 
of about 1.15, a black color, and a very marked and disagreeable 
mlor. It condenses easily and if brought into intimate contact 
with incandescent carbon it may be (;^nverted into fixed gases. The 
fact just mentioned forms the ba.sis of all tardiest ruction metKbds; 
that is, where the tar is broken up in the producer. 

The separation of the tar from the gas may be accomplished by 
an extensive tower scrubber or by the use of some form of centrifugal 
apparatus which will drive the tar out of the gas by centrifugal force. 
The latter method can be made fairly effective, but the former is 
adapted only for gas containing small amounts of tar. (hi the other 
hand, the centrifugal method requires close watching, and, in some 
ca^, considerable power to run the apparatus; neither method has 
satisfactory as the complete destruction of ^e tar in the jvoduoer; 
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if this is accomplished, the inevitable lampblack, formed by the 
process, introduces cleaning complications of its own. 

Centrifvgal Tar Eitractort. Centrifugal tar extractors consist 
e»ential!y of a disk, on either side of whicii is located a fan, running 
in a casing into which a spray of water is introdifted. Tins spray 
forms a seal at the circumference of the casing which seals off one 
side of the disk from the other. The cleaning action is secured by 
combination of the cleaning effect df the mist wetting down and 
‘ enveloping small particles of impurities, and centrifugal force throw* 
ing the impurities into the seal from which they are washed into a 
pit through a dust leg in the bottom of tlie casing. The bubbling of 
the gas through the seal also has a cleaning effect. 

Theinen TheTheisen gas washer is describ^tl on page 

129, Gas and Oil Engines, Part II. 

DUintegrahr lVa,tker. A type of mechanical washer more 
efficient than either of the previous two is the disintegrator washer. 
With this apparatus, less power and water are required and the gas 
is cleaned to a greater degree of finc*n(\ss. Tliis apparatus consists 
of a series of cages of ro<is, blades, or vanes, the alternate cages 
rotating in opposite directions. The gas is introduced at the cir¬ 
cumference and is taken off at the center of the casing. The water 
is sprayed into the center of the revolving cages and is thrown 
from cage to cage towards the dreumference of the casing, and, 
being thrown from a cage rotating in one direction on to a cage 
rapidly rotating in the opposite direction, is broken up into an 
exceedingly fine mist which is distributed throughout the casing so 
that every particle of the gas is washed. 

Every type of gasK^leaning apparatus in which water is used as 
the Weaning agent serves also to cool the hot gases. Tower washers 
employ )Dore water in proportion to the amount of gas cleaned, and 
arc tberefiofe more effective as coolers than mechanical washers. 

Smith Spun-GUiss Tar Extractor and Qas Cleaner. 
^>paratus shown in Fig. 39 is a recent development In gas-cleaning. 
With tins type of apparatus the standard anthracite producer is 
used xrith bituminous coal and no attempt is made to fix the resulting 
tar. The raw gas, on leaving the producer, is first cooled to a point 
whtfc tar vapors are condensed, by being passed through a primjtfy 
cooler or condenser, from which the gas is carried into a rotary gas 
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pump or exhauster B which delivers it under pressure into the main 
C. It is then delivered through a porous diaphragm of spun glass 
E into the engine main F whele a sump or separator G is provided 
in which the tar accumulates. The diaphragm must be sufficiently 
porous to permif the gas and tar to pass freely and is in the form of 
a uniform layer of glass word retained between two metal screens. 
Ordinarily, the thickness is about one-quarter of an inch and the 
diameter must be adjusted in*accordance with the quantity of gas 
to be treated—ordinarily four hundred cubic feet per hour can be' 



handled per square inch of diaphragm area. No tar is relidned in 
the diaphragnv, both tar and gas being discharged toge#itr, but in 
passing through, an important change in the physical state of tl» 
tar occurs. On the entering side, the tar e.xists in the form of a 
large number of minute particles, known as tar fog, while in pa—jpg 
the diaphragm these particles are caused to coalesce so that on the 
discharge side the tar particles are of relatively large dimenaionw— 
so large, in fart, that they can no longer be carried forward m the 
gas current and immediately separate out ISy gravity and drain into 
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the sump. It appears to be possible to seeurc any desired depec 
of gawleanness smply by regulatinc the velocity of flow through 
the diaphragm, i.e., the pressure mamtained across the diaphragm. 
In ordinary commercial operation, it is found that a difference in 
pressure of from 2.5 to 4 pounds per square inch will clean the gas 
to such an extent that no disroloratioif will be produced on a white 
filter paper through which .10 cubic feet of gas has been passed. 

This is not a filtration process, since, for the Ix’.st separation by 
filtration, the velocity must be low and the material separated out 
remains in the filter. No water is used in connection with this 
process except that rerpiircd to cool the gas, and as a consequenee 
there is no formation of tar emulsion—therefore the tar separated is 
practically water-free (less than 1 per cent) and may easily be 
burned. The gas must be cooled only sufficiently to completely 
condense the tar vapors, since any further cooling will increase the 
viscosity of the tar and consequently the rcsistanec through the 
diaphragm—which must be a minimum. This process is not well 
adapted for use on gas containing large quantities of lampblack or 
from coals yielding a very heavy, viscous tar. It has, however, been 
used with great success with Ohio, Illinois, and Indiana high-volatile 
coals, and with lignite. , 

The theory of the operation of this extractor is not definitely 
known, but it is supposed that it is the result of some electrical action 
caused by the impact and fluid friction against the glass wool. 

This apparatus has also been used with marked succes.s for 
cleaning gas made from anthracite coal, giving a much cleaner gas 
with a lower water consumption than can be obtained by other 
methoda. • 

* PRODUCER^AS PLANTS 

t 

Conparlwn between Producer Qas and Steam. The high 
fuel and WUer economy of the producer-gas power plant is one of its 
strongest advantages over the steam-power plant The results o( 
the comparative tests on a producer plant of about 200 electrical 
horsepower, and on a steam plant with a boiler of about 200 boiler 
horsepower and non-condensing engine, made at the United States 
Geological Survey Cool Testing Plant, are given in Table III. It 
should be noted, however, that a condensing steam engine would 
have used 30 to 40 per cent less cool than the non-conden»ng engine. 
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U. S. Qovcrnmcnt Comparative Test of Steam and Producer Piantt 


• 

NAur nr Coal 

« 

WntM 
Kvftpnriitpd 
(mm nnd *1 

K. 

prr pnun<l 
Dry (’o*l 
.'<i<-nm i’lant 

Total Dht Coal pm 
Elkctrical II. P. pKn Hpon * 

Slonm Plant 

Ou* Producer 
PlMt 





Alaljiirn/i No. 2. 

K.r.r) 

4.0K 

1 64 

Coktrulo N’o. 1. 

7.21 

4.K4 

1.71 

lltinoiH No, 3. 

K.oi 

4.34 

I.79t 

lUinoiH No. 4. 

7.27 

4.K0 

1.76t 

liuliaiia No. 1. 

K.4.‘i 

4.13 

l.9:it 

Indiana No. 2. 

X.()2 

435 

1.55t 

Indian Tmilory No. 1 . 

R.fi4 

4(14 

1.8.3 

KonturkyiNo. 3 . 

H,27 

4.22 

1.99t 

Miiwouri No. 2. 

i.m 

4-93 

1.71t 

West Virginia No. 1. 


3.90 

1..S7 

Wrttl Virainia No. 4. 

9.(W 

.3.02 

1.29 

Went Virginia No. 9. 

10.09 

3,4fi 

1..59 

Went Virginia No. 12. 

9.90 

3..53 

l-IOt 

Wyoming No, 2. 

5.92 

5.90 

2-07 


* In i(M*pro<lu««r pUnla, this include* the ronl roDMimed in the producer nud the coal 
•quivnienl o( Um Mteam used in operatint the pmducer. 
t Uni'protlurer hopper loakrid during these tents. 


Th^rc iH little tUfferetice in t!ie coal of water consumption 
between larV ntul small prtxIuc'er-gUH plants. This is due to the fact 
that small k»s eni^incs may have practically the same thermal efb- 
ciency as large ones. The small protluccr-gaj power plant can be 
operated nearly as cheaply as a large plant, so that it is not necessary 
to use large units in order to get economical results. In many cases 
where the load fluctuation is large, much better results will be 
obtained by installing, say, four SOO^iorscpower gas-engine units in 
place of one 2(X)0-horsepowcr unit. Even a small producer<^s ple/bt is 
more economical of fuel and water than a lai^ steam plaift. The 
economy of water of the producer-gas plant over the stean plant in 
oises where water is scarce or impure, so as to make it undesirable 
(br boiler use, is of the greatest importance. The gas-producer does 
not make any smoke, so that the producer-gas power plant offers a 
solution for the smoke problem. 

The labor in a producer-gas plant will generally be about the 
same as that in a Mmilar steam plant, and it is easier to install me- 
cbanical appliances for handling the fuel in t gas plant than in a steam 
















GAS-PRODUCERS 50 

plant, produocr may be started after standing^by, in about 
twenty minutes, and can Iw stoppc<l instantly. 

The first wst and <H)st of repjirs will Im* about the same in 
prodiurr-gas as in steam plants, (ias engitu s <-ost slightly more per 
horsepower than steam engines, but the cost of tUc smokestack is 
eliminate<l. In small pro»luaT'gas plwits the cost is about one-fiftii 
higher than in steam plants. 

In steam and prcMhuer-gas plftits the steam and produnT 
■gas simply act as carriers of thermal energy. 'I'hc <‘Ooiing of the 
steant will lower, and may entirely destroy, its thennal energy, while 
the cm)ling of the gas will simply decrease its volume and inereasc 
the thennal energy carried |ht cubic- foot. This last statement 
refers to calorific jKover, only; sime the sen>ible heat of tifb gas is of 
no use in the gas engine, the temiMTature of the gas as it leaves the 
prcMlucer sliould l)e very low. In other words, with pr-xluaT gas 
the thennal energy earrie<l by the gas/or the gas engine will mil be 
lowered if the gas is cook'd. This fact makes it jK)ssiblc to put in 
central pnalueer-gas jilants with long pi|K‘ lines to distribute the gas 
to isolated engines. It is conse(|uently ])oss|ble to build a large 
producer-gas plant at the ciml mines and, in place of shipping the 
coal to the various p)Ree.s of consumption, to pi{>e the gas to those 
places. 

Tiie use of a gas-holder for storing the gas has marked advan¬ 
tages in certain c'ases. By this means, irregularities in the load may 
be taken care of without any difficulty. In some industries it may 
be desirable to have a small amount of gaseous fuel for heating 
furnaces—forges, for example—and in such eases the gas may be 
taken from the same holder that supp!ic.s the engine. 

^1g. 40 shows a ty'pical producer-gas power plant. The holder 
is frequAitly placed farther away from the prwlucer than shown in 
the fllust!%<lon; in fact, it may be placed on any area that is avail¬ 
able, regardless of immediate proximity to the producer. 

Growth of Industry. The charts of Fig. 41 show the incrca.se 
in the use of producer's pow'er in the touted States in the det^adc 
1900-1911, both in number of plants and in the horsepower installed. 

In March, 1912, there were between 950 and 1000 producer-gas 
power plants in the United States, ranging in size from fifteen horse¬ 
power to several thousand horsepower. Statistical data' from these 
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TABLE IV 

Stimmkrizcd Data Relative to Producer-Oas Power Plants in the United 



plants arc (tivon In Table IV. wliich riassifies them according to their 
sisc and the kind of fuel uwl. 

Special Uses of Producer Qas. Producer gas has lieen used to a 
limited extent for firing steam boilers, in Kuropc. It is not very 
good engineering practice and shouldabe used only in eases wi^rc 
steam is ropiired in the process of manufacture; as, for instance, in 
steaming lumber. It will be much better to eliminate the boiler 
entirely in other co.ses and to use the gas directly in a engine. 
In general, no direct fuel economy will result from first gasifying the 
fUhl in a gas-producer and then burning the resulting gas under a 
steam boiler. 

firing Cframic Kiln). Producer gas has been used extensively 
in Europe for firing ceramic kilns, but until the last few yean 
has had a very limited use for this purpc« in America. Several 
costly failMies have been made in attempting to use it, but these 
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have not been the fault of the system but rather were clue entirely 
to the ignorance of the men who have attempted to use it. Producer 
gas has decided advantages for cc|^mic work, but great care is 
necessary in applying it. The best results will be obtained in con,- 
nection with continuous kilns. The use of producer gas in kilns 
eliminates clinkering in the kilns, ii^uccs more uniform burning, 
produces better combustion, makes it possible to regulate fire more 
readily, secures a centralisation oftfumaccs, and should result in 
• fuel economy. 

Firing MeUillurgiaU Fiimacea. The first, ami, even today, the 
largest, field for the use of prorlucer gas lies in firing metallurgical 
furnaces. It has been an Important factor in developing the steel 
industry and has become a commercially ncee.s.sary adjunct of it. 

Producer Rating. It is customary to rate the capacity of pro¬ 
ducers in horsepower, i.e., a producer of a certain capacity will 
supply an engine of that capacity with gas continuoasly, or at least 
over a considerable period of time. To do this, a certain weight of 
fuel per square foot of grate area mu.st be gasififd per hour. This 
weight, and the eonsequent quantity of gas generatcti, will vary 
greatly with the kind of fuel used, and is at best an uncertain 
quantity. 

In the early stages of development in this country, design 
followed European practice and brought about a great deal of trouble 
in meeting guarantees, and in some cases causerl the entire failure 
of the plant. This failure was due to the fait that European builders, 
in making their guarantees, specified certain high grades of fuel, in 
which the ash rarely exceeded one and one-half per cent, while 
American coals contain a mugh larger amount of easily fusible ash. 
Th%e is still a tendency to slightly overrate producers, which causes 
clinkerfhg and other troubles if the producer is forced to its full 
rating foraany length of time, although satisfactory operation may 
be obtained while the plant is operating below rated load. 

The following rates of fuel consumption have been shown by 
tests and practical operation to be allowable for the various fuels: 
Anthraeite, MO lb. as fired, per ki. ft. of grate surface, per hour 
BitumiDoua, Ml lb. as fired, per aq. ft. of grate surf ace, per hour 
Subdrituminoua, 7.M2 lb. as fired, per aq. ft. of grate surface, per hour 
ligllite, 7-10 lb. aa fired, per sq. ft. of grate surface, per hour 
Feat, 13 lb. at fired, pa sq.ft, of grate surface, per hour - 
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TABLE V 

Heat Data, fuel Compo«itlon, and Oai Analysis for Bituminous Coal 
and Low*Qrada Fuels 


Number of tr»lH avcmgcil. 

B.t.u. per pound . • . i, * 
Cu. ft, of Rftf per pound-yickl W 
Pounds per sq. ft. of furl bod, per hour 
B.t.u. por cu. ft. of Riw—MamUnl.- 
Pfwluwr (cold) officioncy-per coni 
PtmtwU of tar, «K)t. clr., imt Ion of furl 

Water not extnwtod. 

Water exlraele*!. 

ComiHwifion of bid (|»er cent). 

Moisluroi. 

Volatile. 

Fixed carbon. 

Ash.. ■ •: • • • ■ 

Sulphur (wparntelydetermmefl)... 
Volumetric analysis of gas (im t cent) 

Carbon dioxide. 

OxVRon. 

Etfiylenc... 

Carbon monoxide.. 

Hydrogen.. 

Methane 

Nitrc^n. 


Ilitiiminoua 
j (\.bI 

Sub- 

bituminous 

CobI 

Licnito 

Put 

112 

7 

7 

1 

8.130 

12.:i70 

9,910 

7,110 

61 1 

39.3 

27.7 

30.3 

7 64 

1102 

13.28 

16.2 

irti 

159 

101 

175 

74.6 

03.1 

62.8 

66.2 

:i/>4 

259 

157 

240 

287 

224 


157. 

6.0 

150 

35.7 

21.0 

32.8 

34,3 

20,2 

61.7 

rm 

:i94 

27.2 

22.1 

in.o 

11.3 

7,0 

5.2 

2.32 

0.90 

1.12 

0.45 

9.71 

11.15 

9.90 

12.40 

0.02 

0.12 

0.13 

0.00 

0.19 

0.20 

o.to 

0.40 

1903 

17.52 

20.86 

21.00 

1.3.48 

14.41 

14.30 

18.50 

2.78 

3.04 

2.88 

2.20 

64.79 

52.95 

51.83 

45.50 


Consumptions of lipiitc of more than forty pounds per square 
foot have been reported, but it is unwise to choose so high a figure as 
this unless the characteristics and action of the particular lignite to 
be used are very well known. 

A moderate rate of driving for all fuels is absolutely essential 
for continuous operation, since thereby clinkcring is reduced to a 
minimum and, consequently, the producer can be easily cleanedjn 

operation, ProduceR-PLANT TESTS • 


Producers for the gasification of anthracite coal havtabecome 
fairly well standaidiied. Until recently, however, the use of bitumi- 
nous and low-grade fuels was attended by troubles of varaus kinds. 
The progress that has been made in this direction points to tbe 
ability soon to use all grades of bituminous coal and low-grade foeb 
in producer work. The following are the summarised results Ivm 
the Government tests at St. LoViis, Norfolk, andPittaburgh as »ve^ 
aged and r^rted by R. H. Fernald. 
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TABLE VI 


Ou Yield of Coals of Different 
Calorific V|luea 


Appro lifMlt 
CuortAa Vtlur 
B.l ■. ptr i.b. (t( 
Dry Coil 

Coal Pti 8 q. Ft .t>r 
FueL H»r liouN 

(POUNbn) 

-11 . . 

(IaA VnUL« STANOAiq CVNPItlONB 

^odUOTt 
KfflriMHy 
* Ptf Cent 

• 

Prr U». Ill Dry Furl 

B 1IL 

PmCu. Ft. 
High Viluff 

Ai rir«d 

Dry 

raluiftt- 

VnliK 

Hi u. 

Yielfl 
(’u. Kl. 

15.000 

5.64 

5.50 

13,3.50 

91.1 

1.53 

74.7 

14,500 

6.10 

5.02 

12,460 

80.5 

100 

74.2 

14,000 

6.4.5 

6.22 

10,890 • 

721 

1.52 

71.9 

13,600 

6.07 

6.54 

10,070 

67.8 

1.50 ^ 

09.3 

13,000 

7.lj8 

7.30 

9,:160 

61.8 

1.52 * 

07.6 

12,500 

8.76 

7.84 

8,770 

.58.6 

149 

65.0 

12,000 

8..54 

7.09 

8,780 

.59.4 

148 

07.6 

11,500 

1011 

888 

8,010 

.54.8 

146 

64.3 

11,000 

11.61 

10..5.3 

6,110 

45.9 

i:i3 

52.6 

10,500 

13.20 

11 . 5:1 

5,790 

40.9 

135 

50.5 


Slandanl Conditions: 52'’ F. and 14.7 lb. |H:r sg. ins 


In Table V all results alTertcd by the load factor are given for 
loads ranging only from 90 to lUO per cent of full load and no test 
of less than 30 hours is included in the average. It should be 
noted that all the results of coal consumption are referred to the 
weight of the coal as 6red. All heat values which have been chosen 
are higher values. 

In Table VI is given a classification of 103 coals condensed 
into 10 groups, the grouping being made according to calorific 
val^ each group embracinf a range of SOO B.t.u., the middle 
figure ti vhidi is assigned as the approximate calorific value, on a 
dty-oofd basis, of the group. 'Die duration of tlid testa from which 
the resifift were obtained range from 29 to 74) hours, with an 
average duration of 48 hours. 

In Table VII are given typical analyses of producer gases made 
haa tbe various fuels in the up-draft type of producer, while in 
Table VIII the same sort of analyses are given for down-draft 
pioducets. 

The quantity of gas obtained varies with the fuel used, with 
ibe type of producer pUnt, and with the method of operation. In 
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TABLE VII 

Up-Draft Pressure Producer Qiu 


(PerceiaBKMby Volume) 




Prom 

ItiTIlWINOVR 

Coal 

From 

niUNITE 

Fmoh 

Fut 

Carbon dioxide.(.M), 

at 

D.fM 

10.G6 

12.40 

Oxygen.0, 

U.4 

u.ot 

0.16 

0.00 



0 IK 

0.17 

0.40 

Carbon monoxide.. .CO 

22,«) 

1K.2R 

18.72 

ii.oa 

Hydrogen.H, 

iri.3 

1200 

13.74 

18.50 

Methane.CH, 

1.0 

3.12 

3.44 

2.20 

Nitrogen.N, 

r)r).2 

■W.M 

,•>3.22 

45.50 

• 

lOO.U • 

lUU.OU 

100.00 

100.00 


Table IX is Riven the average yield of producer gas in cubic feet 
and B.t.u. pt'r (wind of fuel, as ol)tainc<l at the government testing 
plant at St. l^uis (with the nchlition of values for coke or char¬ 
coal, and anthruqltc). 

The results obtained from some of the low-grade fuels are sum¬ 
marized in Table X. 

In Table XI are given sonle test results and total plant 
effioiendes ^f gas-producers supplying engines, which have been 
previously reported on in Table XXIX, Gas and Oil Engines, 
Part III, 


TABLE Vlll 


Down-Draft Producer Qas 

(Pererntages by Volume) 


CoNRTtTVtMTR 

From 

Bitohinoor 

COAb 

Faou 

LromTa 

. J .. 

PWHI 
• •PtAT 

^boo dioxide.CO, 

Qxyfsn .0, 

Ethylene. C^, 

Carbon monoxide.CO 

Hydrogen.H, 

Methane. CH. 

Nitrogen—. N* 

6.22 
• 0.13 

0.01 

21.05 
12.01 

0.40 

60.09 

11.87 

0.01 

0.00 

16.01 

14.76 

0.98 

66.37 

10.04 

0.41 

0.06 

16.01 

10.10 

0.66 

60B3 


100.00 

100.00 

wmm 
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TABLE IX 


Yield of Producer Qas per Pound of Fuel 


CaAUcru 
or Fcsl 

YiKui or Ua6 

Cu. Ft per 

IA>. o( Fvr 

HlOHk 11t*T 
\*LV§ or Ua* 
Bfu.jier 

C«. Ft. 

F ^B 

■DciSlOEXS H 

A» Firwl 

Dry 


Dry 


85 

90 

M 

11,900 

12,600 


70 

75 


9,450 

10,100 
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9,120 

9,880 

Lignite. 


46 


5,090 

7,270 

P«it. 

30 

OH 

■■ 

5,250 

6,650 


TABLE X 


Moisture, Ash, and Fuel Consumption for Low-Orade Fuels 


CHASAcnit or Pvxt. 

Mouture 

J*er Cent 

ABh 

J'er Cent 

Fuel CoMumed io 

the Producer, U>. 

M Find Mr 

B *»p per Hoar 

Bituminous^ruo’of'inine, 
siaek, bone, and wsshcry 

0.47-16.69 

13.88 

iy.6'i~43i74 

27.78 

1.10—3.98 

3.37 




TABLE XI 

Producer Test Results and Total Plant EfAciency of Produces Supplying 
Qas for Engines Reported In Table XXlX,Qasand Oil Engines, Part III 


C^UX>MI8-PETTIBONK DOWN-ORAFT BUCTION 


Fm i 

Pniduttr 

Per CfBt 

Thmul 

hr^r 

>Jir»eney 

PnCeot 

Pcrdiiit 

Xin 

• 

Um 

HeM 

VllM 

a.t.«. per Lb. 

RatoorGieS- 
rotktt—Lih 

pee Boor 

CewuBptioe 
Lh. per 
Bb«. 
per near 

fUD-QfHniaa 

13,600 


1.34 

62.2 

22.6 

14.1 

S^LOOUIS-PETTIBONB DOWN-DRAFT SUCTION 

Pvu. 


g 


0.97 

1.23 

1.36 

Plii 


»tiliwew km, we OHS aw, Om OU gsjlsy. Psrt HI. 
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CARE OP A GAS-PRODUCER 

Formation of Explosive Mixtures* Alt piping end producer 
doors sliould be kept tight so ^at there may be neither leakage of 
gas out of, nor air into, the proHuc'er. When the 4 )roducer is stand- 
ing'by, great car 0 > should be exercised when making any opening 
into it, since, while it may gpparently have ceased making gas, 
there may be gas being generated and heat enough present to cause 
an explosion with tlie inrush o^ir through the opening. The pro¬ 
ducer room should be thoroughly ventilated at all times to avoid 
danger from gas poisoning. In starting up the producer after a 
shutdown or stand-by the water should always be turned on in the 
tower washer after blowing up the fire and before throwing the 
producer (m to the line. This is necessary because, during a ^ut- 
down, air may seep into t!\e tower washer, forming an explosive 
mixture with the gas n'maining there, which will be ignited by the hot 
gases from the producer if they are not cooled by the scrubber wa\er. 

Proper Cleaning of Fire. The fire should have sufficient coal, 
shoulil be clean, apd a fire- or clinker-arch should not be permitted 
to form. In cleaning the fire, care should be taken that the ash is 
removed from around the walls by poking entirely around the d^ 
cumference of the lining. If tlie ash next to the walls is not removed 
it builds up*Until it forms a ring which reaches nearly to the top of 
the fuel bed and offers le.<» resistance to the blast than the coalj 
more air will consequently travel up around the walls through the 
ash, in proportion to the crofs-sectiona! area, than through the coal. 
The coal lying next to the ash ring will be rapidly burned out and the 
air which does not come into contact with the coal burns with the 
gas on tup of the fire beil and lowers^the quality of the gas sent to 
the engine. If this is allowed to continue the gas will soon beemne 
too poor to burn. 

Formation of Fire-Arch* A bar should be run doi|i^ through 
the center of the fuel bed occasionally to make sure that a fire-arch 
is not forming. A fire-arch is caused by the coal partial^ raking 
and holding up the fuel bed above it, while the ash below H h raked 
or falls through the grate. This condition can be discovered by 
running a bar down through the middle, which wUl meet with gie^ 
resistance while being driven throu^ the a|ch and then for U| 
remunde^ of the distance will meet with ifb reristaoce. IfUisdS^ 
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ovracu m tiow the ardt can be barred down and coal raked from 
fta aidea to fill up the hole and the fire soon built up. If it is not 
discoveted, the arch will bum up untildt gets so thin that it falls of 
Hs own weight, the blast will practical!/ all blow through the center 
fat .which there will be very little fuel and the gas will immediately 
become very lean, causing a shutdown. ' 

Formation of Clinker. If clinker js formed it must be broken 
^ and barred down into the ash bed; if it starts to form and is not 
attended to, it may clinker entirely across the bed, shutting off the 
blast. Clinker also assists in the formation of holes through the 
fire by lessening the resistance to the blast around itself. When 
dinker is formed in any but a very thick fuel bed, it can be seen on 
looking down through a poke-hole because of the fact that it is at 
vdiite heat If the clinker is located near the wall it will be built 
up from the wall and fused to the brick and must consequently be 
broken away from the wall. The first procedure, therefore, is to 
run the bar with considerable force down at the point of attachment 
of the clinker to the wall until the clinker is broken loose. It should 
then be broken up and barred down into the ash bed. 

Thin Fuel Bed. If the producer is one in which the fuel bed is 
carried thin, it must be watched carefully to see that holes are not 
burned through the fire. If this tends to happen, coal from a 
thicker part of the bed must be raked over the hole with the bar and 
then ash in the hole should be barred down. 

RaiMIot Bar. In using the bar it should not be kept in the 
fire more than a few minutes, since it will soon become red-hot and, 
if the producer it operated under suction, when the l&r is pulled out 
the aqikmve mixture formed by the air that has leaked into the 
peked)ole,^will be ignited, with possibly disastrous results. The bat 
should he used for two or three minutes and should then be with- 
bawn, coowa, and another one substituted. 

Cheufadieu hi Water Jackets. If any part of the interior of • 
pndnecr is cooled by a water jacket, great care should be taken 
littfiken is no cessation in the Bow of the water. If the flow is 
jttiped kt any appreciable time, it should not be started again 
^Ihe pndueer is Parted after being.out of action. If the cold 
Jo allowed to strike the hot metal, which would heated 
^ water ceased to flow, it would crack the metal, wou£i make 
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a rcplaffmpnt of tlie part necessary, and would wet the fuel bed, 
inukiiiK it dilHcult to make good gas if the crack were not discovered 
and the water shut off. f 

Qas Poisoning. Produ|er gas, on account of the presence of 
carbon numoxid*, is always poisonous. The carbon'nionoxide has a 
.s|«’eific toxic elFect on the human system, and when inhaled enters 
into direct combination with^he blood. The new compound formed 
is incn])able of carrying oxygen to the tissues and is so stable that ^ 
(an l>e broken up only with great difficulty. The action is very 
insidious, and if the amount that is inhaled is small, the person 
breathing it may he made almost helpless before he is aware of it. 
By this time it is often too lute for him to escape from the place 
where tRe gas is escaping and he becomes unconscious. The symp¬ 
toms are a sense of discomfort, with throbbing of the blood vessels, 
severe headache’^, the feelii^g of a tight band around the head and 
chest causing difficulty in breathing, giddiness, and great debility. 
In case of poisoning; the first thing to do is to remove the patient 
to the fresh air%nd, if he is unconscious, artificial respiration should 
be applied precisely as in the case of drowning or unconsciousness 
from electric shock. Ii\ handling a jMitient, .and while applying 
artificial jj^spiration, great care must be exercised to keep the head 
higher than the lower part of the body. A teaspoonful of aromafJc 
spirits of ammonia in a cup of water should be given to the patient 
as soon as he begins to show signs of consciousness. 

A small bottle of aromatic spirits of ammonia should be kept 
on hand to use in case of gas poisoning. If the patient is not uncon¬ 
scious and is cffily suffering from a slight poisoning, the discomfotts 
may be partially relieved by oc^ionally sniffing the bottle of 
spirits of ammonia. The discomforts may also be relieved by 
drinking cold beer or ice-cold milk, although nothing but*sleep will 
relieve the headache and giddiness. * * 

In any event, whisky should never be given the patient, as it 
tends to fix the carbon monoxide in the syst^. If the persoi 
attempting to attend to a patient, who has been entirdy overcom 
and is unconscious, has had little or no experience with gaa-poiaoniii| 
cases, he should get the patient into the fresh air, send feu* a pbyd 
cian, and follow these directions as best the 

amves.'- 
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